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(54) IRRADIATION APPARATUS

(57) An irradiation apparatus (31, 32, 33, 34) includes
a light source unit (31) to emit light, a light condenser
(32, 32a, 32b, 32c), disposed on a light path of the light
emitted from the light source unit (31), to condense the
light emitted from the light source unit (31), a first diffuser
(33a, 51, 111, 121, 131,141), disposed on a light path of
the light exiting from the light condenser (32, 32a, 32b,
32c), to diffuse the light condensed by the light condenser
(32, 32a, 32b, 32c), an optical equalizer (34, 61), dis-

posed downstream of the first diffuser (33a, 51, 111, 121,
131,141), to equalize a luminance distribution of the light
entering the optical equalizer (34, 61) from the first dif-
fuser (33a, 51, 111, 121, 131, 141) and to output the light
having the equalized luminance distribution, and a sec-
ond diffuser (33b), disposed downstream of the optical
equalizer (34, 61), to diffuse the light exiting from the
optical equalizer (34, 61).
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Description

BACKGROUND

Technical Field

[0001] This disclosure relates to an irradiation appara-
tus, a pattern irradiation apparatus, and a system using
the pattern irradiation apparatus.

Background Art

[0002] Material handling systems including robots can
be used to handle target objects (i.e., work objects) load-
ed on a tray by using the robots, in which the robot is
used to transport the target objects to an apparatus at a
next stage, and to assemble the target objects into a prod-
uct. The material handling system may include a three-
dimensional measuring apparatus to measure distance
to the target objects on the tray, and the material handling
system recognizes a position and a posture of the target
objects based on a measured result, and handles the
target objects. Further, the material handling system may
include a pattern irradiation apparatus that irradiates light
having a given pattern onto the target objects placed on
the tray to enhance the distance measurement precision
of the three-dimensional measuring apparatus as dis-
closed in Japanese Patent Application Publication No.
2013-222056-A1 and Japanese Patent Application Pub-
lication No. 2013-257162-A1.
[0003] The precision of distance measurement can be
enhanced by irradiating light having higher and equalized
luminance intensity to a projection face such as the tray.
However, when an output power of the light source is
increased, the luminance density of the light is also in-
creased. The light having increased luminance density
may cause damage to optical parts such as a lens and
others that configure an irradiation unit.

SUMMARY

[0004] In one aspect of the present invention, an irra-
diation apparatus is devised. The irradiation apparatus
includes a light source unit to emit light, a light condenser,
disposed on a light path of the light emitted from the light
source unit, to condense the light emitted from the light
source unit, a first diffuser, disposed on a light path of
the light exiting from the light condenser, to diffuse the
light condensed by the light condenser, an optical equal-
izer, disposed downstream of the first diffuser, to equalize
a luminance distribution of the light entering the optical
equalizer from the first diffuser and to output the light
having the equalized luminance distribution, and a sec-
ond diffuser, disposed downstream of the optical equal-
izer, to diffuse the light exiting from the optical equalizer.
[0005] As to the above described aspects of the
present invention, the light having the equalized lumi-
nance density can be irradiated on a projection face, and

the luminance density of the light irradiated to the irradi-
ation unit can be reduced, with which damage to optical
parts can be suppressed, in particular prevented.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] A more complete appreciation of the disclosure
and many of the attendant advantages and features
thereof can be readily obtained and understood from the
following detailed description with reference to the ac-
companying drawings, wherein:

FIG. 1A illustrates a schematic block diagram of a
hardware configuration of a system of a first embod-
iment;
FIG. 1B illustrates a schematic block diagram of a
hardware configuration of a three-dimensional
measuring apparatus;
FIG. 1C illustrates a schematic block diagram of a
hardware configuration of a recognition apparatus;
FIG. 1D illustrates a schematic block diagram of a
hardware configuration of a robot controller;
FIG. 2 illustrates a schematic cross-sectional view
of a hardware configuration of a pattern irradiation
apparatus of the first embodiment;
FIGs. 3A, 3B, and 3C illustrate examples of a light
path in an internal space in a light tunnel;
FIG. 4 illustrates a partial perspective view of the
pattern irradiation apparatus of the first embodiment;
FIG. 5 illustrates a schematic cross-sectional view
of a hardware configuration of a pattern irradiation
apparatus of a second embodiment;
FIG. 6 illustrates an example of a light path in an
internal space of a reflection-type diffuser;
FIG. 7 illustrates an example of a light path when the
reflection-type diffuser drops;
FIG. 8 illustrates a schematic cross-sectional view
of a hardware configuration of a pattern irradiation
apparatus of a third embodiment;
FIG. 9 illustrates an example of a light path in an
internal space of a tapered light tunnel;
FIG. 10 illustrates a schematic cross-sectional view
of a hardware configuration of a pattern irradiation
apparatus of a fourth embodiment;
FIG. 11 illustrates an example arrangement of a first
mirror unit and a lens of the fourth embodiment;
FIG. 12A illustrates an example of a light path when
one single mirror is disposed;
FIG. 12B illustrates an example of a light path when
the first mirror unit is disposed;
FIG. 13 illustrates a schematic cross-sectional view
of a hardware configuration of a pattern irradiation
apparatus of a fifth embodiment;
FIG. 14 illustrates an example arrangement of a sec-
ond mirror unit and a cylindrical lens of the fifth em-
bodiment;
FIG. 15 illustrates a schematic cross-sectional view
of a hardware configuration of a pattern irradiation
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apparatus of a sixth embodiment;
FIG. 16 illustrates an example arrangement of a third
mirror unit of the sixth embodiment;
FIG. 17 illustrates a schematic cross-sectional view
of a hardware configuration of a pattern irradiation
apparatus of a seventh embodiment;
FIG. 18 illustrates a schematic cross-sectional view
of a hardware configuration of a pattern irradiation
apparatus of an eighth embodiment;
FIG. 19 illustrates an example arrangement of a
movable transmissive phosphor member and a first
driver of the eighth embodiment;
FIG. 20 illustrates a schematic cross-sectional view
of a hardware configuration of a pattern irradiation
apparatus of a ninth embodiment;
FIG. 21 illustrates is a side view of a reflective phos-
phor member of the ninth embodiment;
FIG. 22 illustrates a schematic cross-sectional view
of a hardware configuration of a pattern irradiation
apparatus of a tenth embodiment; and
FIG. 23 illustrates a schematic cross-sectional view
of a hardware configuration of a pattern irradiation
apparatus of an eleventh embodiment.

[0007] The accompanying drawings are intended to
depict exemplary embodiments of the present disclosure
and should not be interpreted to limit the scope thereof.
The accompanying drawings are not to be considered
as drawn to scale unless explicitly noted, and identical
or similar reference numerals designate identical or sim-
ilar components throughout the several views.

DETAILED DESCRIPTION

[0008] A description is now given of exemplary embod-
iments of the present disclosure. It should be noted that
although such terms as first, second, etc. may be used
herein to describe various elements, components, re-
gions, layers and/or sections, it should be understood
that such elements, components, regions, layers and/or
sections are not limited thereby because such terms are
relative, that is, used only to distinguish one element,
component, region, layer or section from another region,
layer or section. Thus, for example, a first element, com-
ponent, region, layer or section discussed below could
be termed a second element, component, region, layer
or section without departing from the teachings of the
present disclosure.
[0009] In addition, it should be noted that the terminol-
ogy used herein is for the purpose of describing particular
embodiments only and is not intended to be limiting of
the present disclosure. Thus, for example, as used here-
in, the singular forms "a", "an" and "the" are intended to
include the plural forms as well, unless the context clearly
indicates otherwise. Moreover, the terms "includes"
and/or "including", when used in this specification, spec-
ify the presence of stated features, integers, steps, op-
erations, elements, and/or components, but do not pre-

clude the presence or addition of one or more other fea-
tures, integers, steps, operations, elements, compo-
nents, and/or groups thereof.
[0010] Furthermore, although in describing views illus-
trated in the drawings, specific terminology is employed
for the sake of clarity, the present disclosure is not limited
to the specific terminology so selected and it is to be
understood that each specific element includes all tech-
nical equivalents that operate in a similar manner and
achieve a similar result. Referring now to the drawings,
a description is given one or more apparatuses or sys-
tems of one or more embodiments of the present disclo-
sure.
[0011] A description is given of a system 10 of embod-
iments of this disclosure with reference to the following
drawings. For example, the system 10 can be applied as
a material handling system.

(First embodiment)

[0012] A description is given of the system 10 of a first
embodiment with reference to FIG. 1. The system 10 can
be used, for example, as a material handling system to
handle a target object 11 (i.e., work object), in which the
system 10 transports the target object 11 to an apparatus
at a next stage, and/or the system 10 assembles a prod-
uct using the target object 11.
[0013] As indicated in FIG. 1A, the system 10 includes,
for example, a tray 12, a robot 13, a first pattern irradiation
apparatus 20, a three-dimensional measuring apparatus
21, a recognition apparatus 22, and a robot controller 23.
The tray 12 is loaded with at least one target object 11.
[0014] The robot 13 has an arm to handle the target
object 11 loaded on the tray 12. For example, the target
object 11 can be moved by using the arm, the target
object 11 can be moved by the arm to a given position
by using the arm, and the target object 11 can be held
with a given posture by the arm. For example, the arm
of the robot 13 can include a claw that can be opened
and closed, with which the target object 11 can be
pinched by the claw, or the robot 13 can employ an air
adsorption hand to handle the target object 11, or the
robot 13 can employ an electromagnetic unit to handle
the target object 11 by using an electromagnetic force.
Therefore, the robot 13 performs a handling operation of
the target object 11.
[0015] The first pattern irradiation apparatus 20 irradi-
ates, for example, a single color light having an image
pattern to the tray 12 loaded with the target object 11,
with which the light having the image pattern is irradiated
onto the exposed external surface of each one of the
target objects 11 loaded on the tray 12. As to the first
embodiment, the first pattern irradiation apparatus 20 ir-
radiates blue light having an image pattern, but not limited
hereto. For example, the first pattern irradiation appara-
tus 20 can irradiate white light.
[0016] When the first pattern irradiation apparatus 20
is irradiating the light having the image pattern, the three-
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dimensional measuring apparatus 21 measures the dis-
tance to the exposed external surface of each one of the
target objects 11 loaded on the tray 12. The three-dimen-
sional measuring apparatus 21 employs, for example, a
sensor such as a stereo camera to measure the distance
to the target object 11 to generate data of the distance
to each position in a captured image as three dimensional
information.
[0017] FIG. 1B is an example of a hardware configu-
ration of the stereo camera, which can be used as the
three-dimensional measuring apparatus 21. As indicated
in FIG. 1B, the stereo camera includes, for example, a
camera unit 1, and an information processing unit 2. The
camera unit 1 includes, for example, two cameras such
as a first camera 1a for a left side view, and a second
camera 1b for a right side view, which are assembled in
parallel with each other. Each of the first camera 1a and
the second camera 1b includes, for example, a lens 5,
an image sensor 6, and a sensor controller 7. The image
sensor 6 employs, for example, a charge coupled device
(CCD) image sensor, a complementary metal-oxide
semiconductor (CMOS) image sensor or the like. The
sensor controller 7 controls, for example, exposure of the
image sensor 6, image reading, communication with an
external circuit, and transmission of image data.
[0018] The information processing unit 2 includes, for
example, a data bus line 100a, a serial bus line 100b, a
central processing unit (CPU) 15, a field-programmable
gate array (FPGA) 16, a read only memory (ROM) 17, a
random access memory (RAM) 18, a serial interface (I/F)
19a, and a data interface (I/F) 19b. The camera unit 1 is
connected or coupled to the information processing unit
2 via the data bus line 100a and the serial bus line 100b.
The CPU 15 controls the information processing unit 2
entirely, and the image processing.
[0019] The data of luminance image captured by the
image sensor 6 of the first camera 1a and the second
camera 1b are stored in the RAM 18 of the information
processing unit 2 via the data bus line 100a. The CPU
15 and the FPGA16 communicate control data for chang-
ing the sensor espousing level, control data for changing
the image reading parameter, and various setting data
via the serial bus line 100b. The FPGA16 performs, for
example, gamma correction, distortion correction such
as parallel level of right and left images, and disparity
computing by using the block matching to the image data
stored in the RAM 18 to generate a disparity image, and
stores the disparity image in the RAM 18. The CPU15
controls the sensor controller 7 in the camera unit 1, and
the information processing unit 2 entirely. Further, the
ROM 17 stores various programs. The CPU 15 acquires
data from an external apparatus via the data I/F 19b.
Further, the CPU 15 controls various processing for the
luminance image and the disparity image stored in the
RAM 18 by executing the program stored in the ROM 17.
[0020] The recognition apparatus 22 recognizes a po-
sition and a posture of each one of the target objects 11
based on the distance to the exposed external surface

of each one of the target objects 11 measured by the
three-dimensional measuring apparatus 21. The recog-
nition apparatus 22 performs, for example, the matching
process such as a matching process with a three-dimen-
sional model or a surface matching process to recognize
a position and a posture of each one of the target objects
11. Further, the recognition apparatus 22 can perform an
edge extraction based on the intensity of the light re-
ceived by the image sensor 6 to supplement the matching
process.
[0021] FIG. 1C is a schematic diagram of the recogni-
tion apparatus 22 including, for example, a data bus line
100c, a serial bus line 100d, a CPU 15a , a ROM 17a, a
RAM 18a, a serial I/F 19c, and a data I/F 19d. The CPU
15a controls the recognition apparatus 22 entirely, and
the recognition process. The ROM 17a stores the recog-
nition process program. The CPU 15a acquires data from
an external apparatus via the data I/F 19d. Further, the
CPU 15a controls the recognition process for the lumi-
nance image and the disparity image stored in the RAM
18a by executing the recognition process program stored
in the ROM 17a. The recognition process can be per-
formed by using the disparity image alone, or can be
performed by using the disparity image, the luminance
image and three-dimensional position information ob-
tained by another apparatus.
[0022] The robot controller 23 controls an operation of
the robot 13 by performing a preset control flow based
on the position and posture of each one of the target
objects 11 recognized by the recognition apparatus 22.
Specifically, the robot controller 23 controls the robot 13
to perform a handling operation of the target object 11
loaded on the tray 12.
[0023] FIG. 1D is an example of a hardware configu-
ration of the robot controller 23. The robot controller 23
includes, for example, a CPU 210, a ROM 220, a RAM
230, an external memory interface (I/F) 240, an input
device 250, a display 260, a communication I/F 270, and
a system bus 280. The CPU 210 controls the robot con-
troller 23 entirely, and controls each units 220 to 270 via
the system bus 280. The ROM 220 is a nonvolatile mem-
ory that stores a control program, other programs and
data required for the CPU 210 to perform various
processing. Further, the control program, other programs
and data can be stored in an external memory 241 such
as a detachable memory via the external memory I/F
240. The RAM 230 is used as a working memory for the
CPU 210. Specifically, the CPU 210 loads programs from
the ROM 220 and executes the programs to perform var-
ious processing. The external memory 241 stores, for
example, various data and various information required
for the CPU 210 to perform various processing by using
the programs. Further, the external memory 241 stores,
for example, various data and various information ob-
tained by performing the various processing by the
CPU210. The input device 250 includes, for example, a
keyboard and a mouse. An operator can input an instruc-
tion and data to the robot controller 23 by using the input
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device 250. The display 260 includes, for example, a
monitor such as a liquid crystal display (LCD). The com-
munication I/F 2700 is an interface used for communica-
tion with an external apparatus. The system bus 280 con-
nects the CPU210, the ROM 220, the RAM 230, the ex-
ternal memory I/F 240, the input device 250, the display
260 and the communication I/F 270 to enable the com-
munication between each of the units. The robot control-
ler 23 can perform various capabilities when the CPU
210 executes the programs stored in the ROM 220 and/or
the external memory 241. As to the above described con-
figuration, the recognition apparatus 22 and the robot
controller 23 are disposed as different apparatuses, but
not limited thereto. For example the recognition appara-
tus 22 and the robot controller 23 can be devised as the
same hardware.
[0024] As to the system 10, the first pattern irradiation
apparatus 20 irradiates the light having the image pattern
to each one of the target objects 11 loaded on the tray
12 to enhance the precision of three-dimensional meas-
uring performed by the three-dimensional measuring ap-
paratus 21. With this configuration, the system 10 can
recognize the position and posture of each one of the
target objects 11 loaded on the tray 12 with enhanced
precision, and can handle the target object 11 with en-
hanced precision.
[0025] FIG. 2 is a schematic cross-sectional view of a
configuration of the first pattern irradiation apparatus 20
of the first embodiment. The first pattern irradiation ap-
paratus 20 irradiates light having an image pattern onto
a projection face 30 to enhance the precision of the dis-
tance measurement or range finding of the three-dimen-
sional measuring apparatus 21. In this disclosure, the
projection face 30 corresponds to the tray 12 where the
target object 11 is loaded in the system 10.
[0026] As indicated in FIG. 2, the first pattern irradiation
apparatus 20 includes, for example, a light source unit
31, a light condenser 32, a first transmission-type diffuser
33a, a second transmission-type diffuser 33b, a light tun-
nel 34, an image generator 35, and an irradiation unit 36.
As to the first transmission-type diffuser 33a and the sec-
ond transmission-type diffuser 33b, the first transmis-
sion-type diffuser 33a is disposed at the upstream of the
light tunnel 34 in the x direction, which is an entry side
face 45 of the light tunnel 34, and the second transmis-
sion-type diffuser 33b is disposed at the downstream of
the light tunnel 34 in the x direction, which is an exit side
face 46 of the light tunnel 34. In this disclosure, the first
transmission-type diffuser 33a is used as a first diffuser
or an entry-side diffuser, and the second transmission-
type diffuser 33b is used as a second diffuser or an exit-
side diffuser. As to the embodiments to be described in
this disclosure, each of the first diffuser and the second
diffuser may employ a transmission-type diffuser, but not
limited thereto. For example, each of the first diffuser and
the second diffuser can employ a reflection-type diffuser.
[0027] In this disclosure, the light source unit 31, the
light condenser 32, the first transmission-type diffuser

33a, the second transmission-type diffuser 33b, and the
light tunnel 34 are collectively referred to as an irradiation
apparatus, a light modulation apparatus, or a light guiding
apparatus while the light source unit 31, the light con-
denser 32 , the first transmission-type diffuser 33a, the
second transmission-type diffuser 33b, the light tunnel
34, the image generator 35, and the irradiation unit 36
are collectively referred to as the pattern irradiation ap-
paratus.
[0028] In FIG. 2, the x, y and z indicate directions per-
pendicular one to another. The x direction indicates a
direction parallel to the central axis of the light tunnel 34,
which is perpendicular to the y direction and the z direc-
tion. The y direction indicates a direction perpendicular
to the x direction and the z direction. The z direction in-
dicates a direction perpendicular to the x direction and
the y direction.
[0029] The light source unit 31 emits light. In this de-
scription, the light source unit 31 emits, for example, a
plurality of parallel light fluxes such as laser beams into
the same direction.
[0030] The light source unit 31 includes, for example,
a plurality of laser diodes 41, each used as a light source,
and a plurality of collimator lenses 42. The plurality of
laser diodes 41 emits a plurality of laser beams as co-
herent light in the same direction. As to the first embod-
iment, each one of the laser diodes 41 is, for example, a
blue laser diode that emits blue laser light having a wave-
length range of from 440 nm to 500 nm, but not limited
thereto. The laser diode 41 can emit other color light. For
example, each one of the laser diodes 41 can emit light
other than the visible light if the three-dimensional meas-
uring apparatus 21 can detect the light other than the
visible light.
[0031] For example, each one of the collimator lenses
42 is disposed for each one of the laser diodes 41 as one
to one relationship. When the laser beam emitted from
each one of the laser diodes 41 enters each one of the
corresponding collimator lenses 42, the laser beams exit
from the corresponding collimator lenses 42 as parallel
light flux. With this configuration, the light source unit 31
can emit laser beams as a plurality of parallel light fluxes
in the same direction.
[0032] The light condenser 32 is used to condense the
light emitted from the light source unit 31 onto the first
transmission-type diffuser 33a. As to the first embodi-
ment, the light condenser 32 is a lens that condenses
the plurality of laser beams onto a substantially one point
on the first transmission-type diffuser 33a. As disclosed
in the following description, the light condenser 32 can
be configured with one or more parts.
[0033] Each of the first transmission-type diffuser 33a
and the second transmission-type diffuser 33b is the
transmission-type diffuser that can diffuse the light in the
first transmission-type diffuser 33a and the second trans-
mission-type diffuser 33b when the light passes through
the first transmission-type diffuser 33a and the second
transmission-type diffuser 33b. Each of the first trans-
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mission-type diffuser 33a and the second transmission-
type diffuser 33b is formed into, for example, a plate, and
a random micro convex-concave structure is formed on
at least one face of the plate. For example, the transmis-
sion-type diffuser diffuses the light with a diffusion angle
range of 5 degrees to 10 degrees for the full width at half
maximum (FWHM).
[0034] When the plurality of laser beams condensed
by the light condenser 32 enters the first transmission-
type diffuser 33a, the plurality of laser beams passes
through the first transmission-type diffuser 33a while dif-
fusing in the first transmission-type diffuser 33a, and then
the plurality of laser beam exits from the first transmis-
sion-type diffuser 33a and enters the light tunnel 34.
When the plurality of laser beams that has passed
through the light tunnel 34 enters the second transmis-
sion-type diffuser 33b, the plurality of laser beams passes
through the second transmission-type diffuser 33b while
diffusing in the second transmission-type diffuser 33b,
and then the plurality of laser beams exits from the sec-
ond transmission-type diffuser 33b to the image gener-
ator 35.
[0035] The light tunnel 34 is an example of an optical
equalizer that equalizes a luminance distribution of the
light on a face perpendicular to the central axis direction
of the optical equalizer, in which the light that passes
through. Specifically, the light tunnel 34 equalizes the
luminance distribution of the light at the face perpendic-
ular to the central axis direction of the light tunnel 34,
which is the face defined by the y direction and the z
direction perpendicular to the central axis direction (i.e.,
x direction) of the light that passes through the light tunnel
34. When the light diffused by the first transmission-type
diffuser 33a enters the light tunnel 34, the light tunnel 34
is used to equalize the luminance distribution of the light
that passes through the light tunnel 34, and emits the
light having the equalized luminance distribution. Then,
the light exits from the light tunnel 34, and enters the
second transmission-type diffuser 33b, and then the light
is further diffused by the second transmission-type dif-
fuser 33b.
[0036] The image generator 35 is used to pass and
block (or reflect) the light exiting from the light tunnel 34
while applying a given image pattern to generate light
having the given image pattern on the face perpendicular
to the central axis of the light tunnel 34. The light that has
passed through the image generator 35 enters the irra-
diation unit 36. The given image pattern is, for example,
a two dimensional pattern to be irradiated on the target
object 11, and the light having the given image pattern
is used to enhance the precision of distance measure-
ment.
[0037] The image generator 35 is, for example, a photo
mask made from a rectangular translucent plate such as
glass plate drawn with the given image pattern. Further,
the image generator 35 can be formed, for example, as
a transmission plate by using transmission-type liquid
crystal element that can generate an image pattern by

supplying electrical signals, in which the image generator
35 is used to generate the image pattern based on image
data acquired from an external apparatus such as an
information processing apparatus.
[0038] The irradiation unit 36 enlarges the light that
has passed through the image generator 35 by applying
a magnification ratio, and irradiates the light onto the pro-
jection face 30. The irradiation unit 36 includes, for ex-
ample, one or more lenses.
[0039] FIG. 3 illustrates an example of a light path in
an internal space in the light tunnel 34. As indicated in
FIG. 3A, the light tunnel 34 is, for example, a tube or a
pipe, and an internal reflection face 43 is formed on an
internal face of the light tunnel 34 to reflect the light inside
the light tunnel 34 for one or more times. Therefore, the
space inside the light tunnel 34 can be used as an internal
space 44 where the light passes through or travels. The
internal space 44 can be a hollow space, or can be filled
with translucent material such as glass that can pass
through the light.
[0040] As indicated in FIG. 3A, the light tunnel 34 has
an entry side face 45 and an exit side face 46. The light
diffused by the first transmission-type diffuser 33a enters
the internal space 44 of the light tunnel 34 from the entry
side face 45. The light that enters the internal space 44
passes through the internal space 44 while reflecting for
one or more times on the internal reflection face 43. Then,
the light that has passed through the internal space 44
exits from the exit side face 46 of the light tunnel 34 to
the outside. Since the light that enters the light tunnel 34
passes through the internal space 44 while reflecting on
the internal reflection face 43 for one or more times, the
luminance distribution of the light exiting from the light
tunnel 34 can be equalized.
[0041] Further, the internal reflection face 43 of the light
tunnel 34 is set parallel to the central axis of the light
tunnel 34. Therefore, an incidence angle θa of the light
that enters the light tunnel 34 at the entry side face 45
and an exit angle θb of the light that exits from the light
tunnel 34 at the exit side face 46 become the same angle
as indicated in FIG. 3A. Therefore, the light can exit from
the exit side face 46 of the light tunnel 34 with the same
diffusion angle of the first transmission-type diffuser 33a.
[0042] By contrast, if the first transmission-type diffus-
er 33a is not disposed at the entry side face 45 of the
light tunnel 34 as indicated in FIG. 3B, the spread angle
of light at the entry side face 45 of the light tunnel 34 not
disposed with the first transmission-type diffuser 33a
(see FIG. 3B) becomes smaller than the spread angle of
light at the entry side face 45 of the light tunnel 34 dis-
posed with the first transmission-type diffuser 33a (see
FIG. 3A). Therefore, by disposing the first transmission-
type diffuser 33a at a position near the entry side face
45 of the light tunnel 34, the diffusion angle at the exit
side face 46 of the light tunnel 34 can be set greater as
indicated in FIG. 3C. By setting the greater diffusion angle
at the entry side face 45 of the light tunnel 34, the equal-
ization of luminance distribution by the light tunnel 34 can
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be enhanced, to be described later.
[0043] Further, as to the first embodiment, a cross-sec-
tional shape of a face of the light tunnel 34 perpendicular
to the central axis direction of the light tunnel 34 (i.e., x
direction) is, for example, rectangular. The cross-section-
al shape of the face of the light tunnel 34 perpendicular
to the central axis direction of the light tunnel 34 has an
aspect ratio, preferably set with the substantially same
as an aspect ratio of the cross-sectional shape of a face
of the image generator 35.
[0044] Further, the size of the exit side face 46 of the
light tunnel 34 is set with a size that the light exiting from
the exit side face 46 can hit the entire end side of the
image generator 35. If the size of the exit side face 46 of
the light tunnel 34 is greater than the size of entire end
side of the image generator 35, some of the light exiting
from the exit side face 46 does not enter the image gen-
erator 35 and becomes useless. Therefore, in view of
capability of the assembling precision, the size of the exit
side face 46 of the light tunnel 34 and the size of entire
end side of the image generator 35 are set with the sub-
stantially same size.
[0045] Further, the longer the length of the light tunnel
34 along the central axis direction, the greater the number
of reflection times in the internal space 44, and thereby
the luminance distribution of the light can be further
equalized by the light tunnel 34. However, the longer the
length of the light tunnel 34along the central axis direc-
tion, the greater the loss of the light energy. Therefore,
the length of the light tunnel 34 along the central axis
direction is set with a minimum value that can equalize
the luminance distribution of the light with a given target
level.
[0046] Further, the light tunnel 34 is also known as op-
tical homogenizer or light pipe. Further, the first pattern
irradiation apparatus 20 can employ other optical equal-
izer instead of the light tunnel 34. For example, the first
pattern irradiation apparatus 20 can employ a fly-eye lens
instead of the light tunnel 34.
[0047] A description is given of an effect of equalizing
the luminance distribution by the light tunnel 34, and an
effect of the second transmission-type diffuser 33b.
[0048] The light that enters the light tunnel 34 has a
spread angle of the light. For example, the light that en-
ters the light tunnel 34 with the incidence angle θa as
indicated in FIG. 3A. The incidence angle θa becomes
different when a different light having different spread
angle of light enters the light tunnel 34. The number of
reflection times of the light in the light tunnel 34 becomes
different for each of the light having different spread angle
of light when each of the light having different spread
angle of light enters the light tunnel 34. Therefore, as
indicated in FIG. 3C, the position of the light on the y-z
plane at the exit side face 46 of the light tunnel 34 be-
comes different when a plurality of light enters the light
tunnel 34 with the different incidence angle θa, which
means the position of the light on the y-z plane at the exit
side face 46 of the light tunnel 34 is determined by the

spread angle of the light that enters the light tunnel 34.
Therefore, if the spread angle of the plurality of the light
that enters the light tunnel 34 becomes broader, the po-
sitions of the plurality of light on the y-z plane at the exit
side face 46 of the light tunnel 34 become different, and
thereby the luminance distribution can be equalized ef-
fectively.
[0049] Further, as indicated in FIG. 3A, when a single
light beam enters the light tunnel 34, the incidence angle
θa of the light that enters the light tunnel 34 and the exit
angle θb of the light that exits from the light tunnel 34
become the same angle. Therefore, if the light beam hav-
ing a smaller beam spot enters from the entry side face
45 of the light tunnel 34, the position of the light that exits
from the exit side face 46 has a smaller spread angle of
the light. In other words, the spread angle of the light that
exits from the light tunnel 34 on the y-z plane becomes
greater if the light beam having a greater beam spot en-
ters from the entry side face 45 of the light tunnel 34 and
if the light beam having various angle components enters
from the entry side face 45 of the light tunnel 34.
[0050] As to the first embodiment, the incident light to
the light tunnel 34 is a laser beam, and a beam spot of
the light that enters the entry side face 45 of the light
tunnel 34 is smaller than the entry side face 45. In this
case, the spread angle of the light that exits from the light
tunnel 34 on the y-z plane becomes smaller. Therefore,
when the image generator 35 is disposed next to the exit
side face 46 the light tunnel 34 (+x direction side), the
incidence angle range of the light at the image generator
35 becomes the incidence angle range of the light for the
light tunnel 34 or less. Further, since the spread angle of
the light in the irradiation unit 36 corresponds to the
spread angle of the light that enters the light tunnel 34,
the spread angle of the light in the irradiation unit 36 be-
comes smaller. Therefore, the luminance density of the
light traveling in the irradiation unit 36 becomes higher,
with which the luminance density of the light hitting each
of optical parts becomes higher. If the luminance density
of the light in the irradiation unit 36 becomes higher, the
optical parts may receive greater energy, which may
cause damage to the optical parts.
[0051] In view of this issue, the second transmission-
type diffuser 33b (i.e., second diffuser) is disposed at a
position between the light tunnel 34 and the image gen-
erator 35 as indicated in FIGs. 2 and 3C. With this con-
figuration, even if the spread angle of the light that exits
from the light tunnel 34 is small, the spread angle of the
light that exits from the light tunnel 34 can be set greater
by passing through the second transmission-type diffus-
er 33b. Therefore, the luminance density of the light that
hits each of optical parts in the irradiation unit 36 can be
reduced, with which the damage of the optical parts can
be suppressed, in particular prevented. Further, the laser
source having the lower lase class (i.e., lower power) can
be used in this configuration. Further, the effect of pre-
venting the damage of optical parts such as a lens in the
irradiation unit 36 by disposing the diffuser at the exit side
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face 46 of the light tunnel 34 can be also attained in other
example embodiments.
[0052] As described above, by disposing the first trans-
mission-type diffuser 33a at the entry side face 45 of the
light tunnel 34, and the second transmission-type diffuser
33b at the exit side face 46 of the light tunnel 34, the
spread angle of the light at the entry side face 45 can be
set greater, and the beam spot at the entry side face 45
can be set greater, and the diffusion effect of the second
transmission-type diffuser 33b can be attained effective-
ly. As to the first embodiment, by disposing the first trans-
mission-type diffuser 33a at the entry side face 45 of the
light tunnel 34, and the second transmission-type diffuser
33b at the exit side face 46 of the light tunnel 34, the light
having the equalized luminance distribution can be irra-
diated onto the projection face 30, and the luminance
density of the light that enters the irradiation unit 36 can
be reduced.
[0053] Further, the diffusion angle of the first transmis-
sion-type diffuser 33a and the diffusion angle of the sec-
ond transmission-type diffuser 33b are set with values
so that the spread angle of the light that enters the irra-
diation unit 36 becomes an angle, computed from the
numerical aperture (NA) of the irradiation unit 36 at a side
of the image generator 35, or less the angle. When the
diffusion angle of the first transmission-type diffuser 33a
and the diffusion angle of the second transmission-type
diffuser 33b are set based on the numerical aperture (NA)
of the irradiation unit 36, the light exiting from the image
generator 35 can enter the irradiation unit 36 efficiently,
and is then guided to the projection face 30. Therefore,
the light having the higher power and equalized lumi-
nance density can be projected onto the projection face
30.
[0054] FIG. 4 is a partial perspective view of the first
pattern irradiation apparatus 20 of the first embodiment.
As indicated in FIG. 4, the light source unit 31 includes,
for example, eight laser diodes 41 arranged with a matrix
of 234, and eight collimator lenses 42 corresponded to
each one of the laser diodes 41. The light source unit 31
of FIG. 4 can emit eight parallel light fluxes in the same
direction.
[0055] Since the light source unit 31 can include the
plurality of laser diodes 41, the output light power can be
increased. The number of laser diodes 41 and the ar-
rangement of laser diodes 41 in the light source unit 31
can be changed as long as the plurality of laser diodes
41 of the light source unit 31 can emit the laser light in
the same direction.
[0056] Further, the first transmission-type diffuser 33a
can be disposed at a position, for example, right before
the light tunnel 34 without disposing an optical relay sys-
tem. With employing this configuration for the first pattern
irradiation apparatus 20, the optical length between the
first transmission-type diffuser 33a and the light tunnel
34 be set shorter, and thereby the leak of the diffusion
light to the outside of the light tunnel 34 can be prevented.
Therefore, the first pattern irradiation apparatus 20 can

enhance light transmission efficiency, and can increase
the output light power.
[0057] Further, the light condenser 32 is used to con-
dense the plurality of laser beams emitted from the light
source unit 31 onto the first transmission-type diffuser
33a. Therefore, even if the number of laser diodes 41 in
the light source unit 31 is increased, the light emitted from
the plurality of laser diodes 41 can be guided inside the
light tunnel 34 without losing the light component. There-
fore, the first pattern irradiation apparatus 20 can in-
crease the output light power easily.
[0058] Typically, the laser beam is high in rectilinearity.
Therefore, if the laser beam exiting from the collimator
lens 42 enters the light tunnel 34 directly, the equalization
of the luminance distribution may not be performed by
the light tunnel 34 effectively and efficiently.
[0059] As to the first embodiment, since the laser beam
diffused by the
first transmission-type diffuser 33a enters the light tunnel
34, the equalization of the luminance distribution can be
performed by the light tunnel 34 effectively and efficiently.
Therefore, as to the first pattern irradiation apparatus 20,
the length of the light tunnel 34 along the central axis
direction can be set shorter, with which the first pattern
irradiation apparatus 20 can be designed compact in
size.
[0060] Further, the optical length between the light tun-
nel 34 and the second transmission-type diffuser 33b is
preferably set shorter, and the optical length between the
second transmission-type diffuser 33b and the image
generator 35 is preferably set shorter. With employing
this configuration for the first pattern irradiation apparatus
20, the leak of the diffusion light exiting from the light
tunnel 34 to the outside of the image generator 35 can
be prevented, and the light having the equalized lumi-
nance distribution can be guided to the irradiation unit 36
with enhanced efficiency.
[0061] Further, the image generator 35 is disposed at
a position, for example, right after the light tunnel 34 with-
out disposing an optical relay system. With employing
this configuration for the first pattern irradiation apparatus
20, the optical length between the light tunnel 34 and the
image generator 35 can be set shorter, and thereby the
leak of the diffusion light exiting from the light tunnel 34
to the outside of the image generator 35 can be prevent-
ed. Therefore, the first pattern irradiation apparatus 20
can enhance the light transmission efficiency, and can
increase the output light power.
[0062] Further, as to the first embodiment, each one
of the laser diodes 41 emits the blue laser light. With this
configuration, the range finding using the first pattern ir-
radiation apparatus 20 can be performed with the en-
hanced precision, and a working condition preferable for
an operator can be provided to be described as below.
[0063] For example, a light source P1W, which is a
projection-use product of Osram GmbH can be used as
the light source. The light source P1W emits the blue
light having a brightness of 500 lumen (lm), the red light
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having a brightness of 1250 lumen (lm), and the green
light having a brightness of 4150 lumen (lm). The lumen
(lm) is used a unit for the brightness of light flux in view
of photopic luminous efficiency function. By contrast, the
radiant flux of light having the unit of Watt (W)that does
not consider the photopic luminous efficiency function
can be calculated by using the equation of "light flux (lm)
= 683 3 radiant flux (W) 3 Y stimulus value." The con-
version factor (lm/W) can calculated from a representa-
tive spectrum of each color, in which the conversion factor
(lm/W) of the blue light is calculated as 40 lm/W, the con-
version factor (lm/W) of the red light is calculated as 200
lm/W, and the conversion factor (lm/W) of the green light
is calculated as 480 lm/W Therefore, based on the light
flux (lm) and conversion factor (lm/W), the radiant flux of
the blue light becomes 12.5 W, the radiant flux of the red
light becomes 6.3 W, and the radiant flux of the green
light becomes 8.6 W Therefore, the blue light has the
highest radiant flux.
[0064] Since the first pattern irradiation apparatus 20
irradiates the image pattern used for the range finding,
the first pattern irradiation apparatus 20 includes, for ex-
ample, a light source having a higher radiant flux, which
is pure light power and not the light flux (lm) or the pho-
topic luminous efficiency function that is sensitivity of hu-
man eyes. For example, the blue laser diode can emit
light source having a higher radiant flux. Therefore, since
each one of the laser diodes 41 emits the blue laser light,
the first pattern irradiation apparatus 20 can irradiate the
target object 11 with the higher output light power, and
the range finding using the first pattern irradiation appa-
ratus 20 can be performed with the enhanced precision
even if the target object 11 is a black colored object.
[0065] Further, the blue light has a lower light flux (lm),
and does not cause glaring or dazzling to human eyes.
Therefore, by using the laser diode 41 that emits the blue
laser light, the first pattern irradiation apparatus 20 can
provide the working condition preferable for the operator
such as a working condition that the operator can easily
see the target object 11. Further, the blue light is a visible
light. Since each one of the laser diodes 41 emits the
blue laser light, the first pattern irradiation apparatus 20
can provide a lighting area where the operator can see
the target object 11, and can provide the working condi-
tion that the operator can adjust the lighting area.
[0066] As above described, as to the first pattern irra-
diation apparatus 20 of the first embodiment, the higher
output light power can be attained and the size and cost
of the apparatus can be reduced. Further, the first pattern
irradiation apparatus 20 can adjust the working condition
for the operator to a preferable condition.

(Second embodiment)

[0067] A description is given of a second pattern irra-
diation apparatus 50 of a second embodiment with ref-
erence to FIG. 5. The second pattern irradiation appara-
tus 50 of the second embodiment can be applied for the

system 10 instead of the first pattern irradiation apparatus
20 of the first embodiment. Further, the pattern irradiation
apparatuses of the third embodiment and subsequent
embodiments can be applied for the system 10 instead
of the first pattern irradiation apparatus 20 of the first
embodiment.
[0068] Further, the second pattern irradiation appara-
tus 50 of the second embodiment has some of the same
and similar capabilities and configuration of the first pat-
tern irradiation apparatus 20 of the first embodiment.
Therefore, the same and similar capabilities and config-
uration are assigned with the same references, and the
same and similar capabilities and configuration are not
described in detail while the differences are described.
[0069] FIG. 5 is a schematic cross-sectional view of a
configuration of the second pattern irradiation apparatus
50 of the second embodiment. The second pattern irra-
diation apparatus 50 includes, for example, the light
source unit 31, the light condenser 32, a reflection-type
diffuser 51, the light tunnel 34, the image generator 35,
and the irradiation unit 36. The second pattern irradiation
apparatus 50 includes the reflection-type diffuser 51 as
the first diffuser, which is different from the first embod-
iment using the first transmission-type diffuser 33a.
[0070] The light condenser 32 is used to condense the
light emitted from light source unit 31 onto the reflection-
type diffuser 51. As to the second embodiment, the light
condenser 32 is used to condense the plurality of laser
beams at a substantially one point on the reflection-type
diffuser 51.
[0071] The reflection-type diffuser 51 is used as the
first diffuser that diffuses the light that enters the reflec-
tion-type diffuser 51. When the plurality of laser beams
condensed by the light condenser 32 enters the reflec-
tion-type diffuser 51, the plurality of laser beams reflects
in the reflection-type diffuser 51 while diffusing in the re-
flection-type diffuser 51, and then the plurality of laser
beams exits from reflection-type diffuser 51, and enters
the light tunnel 34. The reflection-type diffuser 51 is used
to diffuse the light by reflecting the light in the reflection-
type diffuser 51, which is different from the first transmis-
sion-type diffuser 33a, but other capabilities and effect
of the reflection-type diffuser 51 are same as the first
transmission-type diffuser 33a.
[0072] The light diffused by the reflection-type diffuser
51 enters the light tunnel 34, and then the light having
the equalized luminance distribution exits from the light
tunnel 34.
[0073] FIG. 6 illustrates an example of a light path in
an internal space of the reflection-type diffuser 51. The
reflection-type diffuser 51 can be formed, for example,
as a plate, and the reflection-type diffuser 51 includes,
for example, a transmissive diffusion face 52 and a re-
flection face 53. As illustrated in FIG. 6 the transmissive
diffusion face 52 is formed at one side of the reflection-
type diffuser 51 facing the light condenser 32, and the
reflection face 53 is formed at an opposite side of the
reflection-type diffuser 51 not facing the light condenser
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32.
[0074] Further, a random micro convex-concave struc-
ture is formed on the transmissive diffusion face 52. The
transmissive diffusion face 52 passes through the light
and diffuses the light. A reflection prevention layer can
be formed on the transmissive diffusion face 52. With this
configuration, the transmittance of the transmissive dif-
fusion face 52 can be increased.
[0075] The reflection face 53 reflects the light that has
passed through the transmissive diffusion face 52. The
reflection face 53 is, for example, a plane face that does
not diffuse the light. A reflection material coating layer
such as dielectric multilayer or metal layer can be formed
on the reflection face 53. With this configuration, the re-
flectance of the reflection face 53 can be increased. Then,
the light that has reflected on the reflection face 53 pass-
es through the transmissive diffusion face 52 again, and
enters the light tunnel 34.
[0076] As indicated in FIG. 6, it is assumed that light
flux "a" enters the reflection-type diffuser 51 from the light
condenser 32. In this example case, the light flux "a" en-
ters the reflection-type diffuser 51 from the outer side of
the transmissive diffusion face 52. Then, the light flux "a"
passes and diffuses at the transmissive diffusion face
52, and becomes diffused light fluxes "a1" and "a2." FIG.
6 indicates two diffused light fluxes "a1" and "a2," but
other diffused light fluxes may occur to the light flux "a."
[0077] Then, the diffused light fluxes "a1" and "a2" re-
flects on the reflection face 53, and enters the inner side
of the transmissive diffusion face 52. Then, each of the
diffused light fluxes "a1" and "a2" passes and diffuses at
the transmissive diffusion face 52, and becomes diffused
light fluxes "a11," "a12," "a21," and "a22." FIG. 6 indicates
four diffused light fluxes "a11," "a12," "a21," and "a22,"
but other diffused light fluxes may occur to the diffused
light fluxes "a1" and "a2."
[0078] As indicated in FIG. 6, the light can be diffused
for two times at the transmissive diffusion face 52 of the
reflection-type diffuser 51. With this configuration, the dif-
fusion effect of the reflection-type diffuser 51 can be in-
creased, and the light having the further equalized lumi-
nance distribution can be emitted. Therefore, as to the
second pattern irradiation apparatus 50 of the second
embodiment, the image pattern having the further equal-
ized luminance distribution can be irradiated onto the tar-
get object 11.
[0079] As to the second embodiment, the transmissive
diffusion face 52 is formed at the side of the reflection-
type diffuser 51 facing the light condenser 32, but not
limited thereto. For example, the side of the reflection-
type diffuser 51 facing the light condenser 32 can be
formed as a reflective diffusion face that can diffuse and
reflect the light.
[0080] As above described, since the second pattern
irradiation apparatus 50 of the second embodiment in-
cludes the reflection-type diffuser 51, the light having fur-
ther equalized luminance distribution can be output.
[0081] FIG. 7 illustrates an example of a light path when

the reflection-type diffuser 51 drops from a given set po-
sition. As to the second pattern irradiation apparatus 50
of the second embodiment, in a case that the reflection-
type diffuser 51 drops or be damaged due to the mal-
function, the laser beam is not reflected by the reflection-
type diffuser 51. In this configuration, the laser beam
emitted from the light source unit 31 does not enter the
light tunnel 34 as indicated in FIG. 7. Therefore, the sec-
ond pattern irradiation apparatus 50 does not irradiate
the light onto the projection face 30.
[0082] With this configuration, when the reflection-type
diffuser 51 drops or is damaged, the second pattern ir-
radiation apparatus 50 does not output the laser beam
to the external space. With this configuration, the second
pattern irradiation apparatus 50 can devise a light exit
prevention system of the laser beam when the reflection-
type diffuser 51 drops or is damaged with a simpler con-
figuration.

(Third embodiment)

[0083] A description is given of a third pattern irradia-
tion apparatus 60 of a third embodiment with reference
to FIG. 8. The third pattern irradiation apparatus 60 of
the third embodiment has some of the same and similar
capabilities and configuration of the second pattern irra-
diation apparatus 50 of the second embodiment. There-
fore, the same and similar capabilities and configuration
are assigned with the same references, and the same
and similar capabilities and configuration are not de-
scribed in detail while the differences are described.
[0084] FIG. 8 is a schematic cross-sectional view of a
configuration of the third pattern irradiation apparatus 60
of the third embodiment. The third pattern irradiation ap-
paratus 60 includes, for example, the light source unit
31, the light condenser 32, the reflection-type diffuser 51,
a tapered light tunnel 61, the image generator 35, and
the irradiation unit 36. The third pattern irradiation appa-
ratus 60 includes the tapered light tunnel 61 as the optical
equalizer, which is different from the second embodiment
using the light tunnel 34.
[0085] The light diffused by the reflection-type diffuser
51 enters the tapered light tunnel 61, and then the light
having the equalized luminance distribution exits from
the tapered light tunnel 61. Although the shape of the
tapered light tunnel 61 and the shape of the light tunnel
34 have different shapes, the tapered light tunnel 61 has
some of the same and similar configuration and capabil-
ities of the light tunnel 34.
[0086] FIG. 9 illustrates an example of a light path in
an internal space of the tapered light tunnel 61 having
an entry side face 64 and an exit side face 65. As indi-
cated in FIG. 9, the exit side face 65 of the tapered light
tunnel 61 is set greater in dimension than the entry side
face 64 of the tapered light tunnel 61, and an internal
reflection face 62 is not parallel to the central axis of the
tapered light tunnel 61, which means the internal reflec-
tion face 62 is angled or slanted with respect to the central
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axis of the tapered light tunnel 61, which is different from
the light tunnel 34. Further, as to the tapered light tunnel
61, a cross-sectional shape of a face of the tapered light
tunnel 61 perpendicular to the central axis direction of
the tapered light tunnel 61 such as a cross-sectional
shape of the entry side face 64 and a cross-sectional
shape of the exit side face 65 can be, for example, a
rectangular shape having an aspect ratio, preferably set
with the substantially same as an aspect ratio of a cross-
sectional shape of a face of the image generator 35.
[0087] Similar to the light tunnel 34, the light that has
entered the tapered light tunnel 61 passes through an
internal space 63 while reflecting for one or more times
on the internal reflection face 62, with which the lumi-
nance distribution of the light exiting from the tapered
light tunnel 61 can be equalized.
[0088] As indicted in FIG. 9, the internal reflection face
62 is angled or slanted in the z direction with respect to
the central axis of the tapered light tunnel 61 with an
angle θt. Therefore, the exit angle θd of the light that exits
from the tapered light tunnel 61 is set smaller than the
incidence angle θc of the light that enters the tapered
light tunnel 61. Therefore, the tapered light tunnel 61 can
set a smaller diffusion angle for the light that enters the
image generator 35 after the tapered light tunnel 61.
[0089] With employing this configuration for the third
pattern irradiation apparatus 60 including the tapered
light tunnel 61, the incident angle of the light that enters
the irradiation unit 36 after the light passes through the
image generator 35 can be set smaller, which means that
the numerical aperture (NA) can be set smaller. There-
fore, as to the third pattern irradiation apparatus 60, the
light acquiring efficiency by the irradiation unit 36 can be
enhanced, and the higher output light power can be at-
tained.
[0090] As to the tapered light tunnel 61, the exit angle
θd of the light that exits from the tapered light tunnel 61
can be set smaller by increasing the angle θt indicating
the inclination of the internal reflection face 62. Specifi-
cally, the angle θt indicating the inclination of the internal
reflection face 62 can be increased by settling the entry
side face 64 smaller or by settling the exit side face 65
greater. However, if the entry side face 64 is set too small,
the light reflected by the reflection-type diffuser 51 may
not be acquired efficiently by the tapered light tunnel 61,
and if the exit side face 65 is set too great, the light that
does not enter the face of the image generator 35 be-
comes useless. Therefore, the angle θt indicating the in-
clination of the internal reflection face 62, the size of the
entry side face 64, and the size of the exit side face 65
are set in view of these factors.
[0091] Further, as to the tapered light tunnel 61, if the
length of the tapered light tunnel 61 along the central axis
direction is set longer under a condition that the size of
the entry side face 64 and the size of the exit side face
65 are set with fixed values, the number of reflection times
in the tapered light tunnel 61 can be increased, with which
the luminance distribution of the light can be further

equalized. However, if the length of the tapered light tun-
nel 61 along the central axis direction is set longer, the
light transmission efficiency decreases due to the in-
creased number of reflection times, and further the angle
θt indicating the inclination of the internal reflection face
62 becomes smaller, with which the light acquiring effi-
ciency by the irradiation unit 36 decreases. Therefore,
the length of the tapered light tunnel 61 along the central
axis direction is set in view of in view of these factors.
[0092] As above described, as to the third pattern irra-
diation apparatus 60 of the third embodiment including
the tapered light tunnel 61, the higher output light power
can be attained.

(Fourth embodiment)

[0093] A description is given of a fourth pattern irradi-
ation apparatus 70 of a fourth embodiment with reference
to FIG. 10. The fourth pattern irradiation apparatus 70 of
the fourth embodiment has some of the same and similar
capabilities and configuration of the third pattern irradia-
tion apparatus 60 of the third embodiment. Therefore,
the same and similar capabilities and configuration are
assigned with the same references, and the same and
similar capabilities and configuration are not described
in detail while the differences are described.
[0094] FIG. 10 is a schematic cross-sectional view of
a configuration of the fourth pattern irradiation apparatus
70 of the fourth embodiment. The fourth pattern irradia-
tion apparatus 70 includes, for example, the light source
unit 31, a light condenser 32a, the reflection-type diffuser
51, the tapered light tunnel 61, the image generator 35,
a prism 71, and the irradiation unit 36. The light condens-
er 32a includes, for example, a first mirror unit 72 and a
lens 73.
[0095] The fourth pattern irradiation apparatus 70 in-
cludes the prism 71, which is different from the third em-
bodiment. Further, as to the fourth pattern irradiation ap-
paratus 70, the light condenser 32a includes the first mir-
ror unit 72 and the lens 73, which is different from the
third embodiment.
[0096] The first mirror unit 72 reflects the plurality of
parallel light fluxes emitted from the light source unit 31
in the same direction to the lens 73. The first mirror unit
72 includes, for example, a plurality of mirrors 74. Each
one of the mirrors 74 reflects the laser beams emitted
from the plurality of laser diodes 41 and set as the parallel
light fluxes by the collimator lens 42 to the lens 73. The
plurality of mirrors 74 reflects the plurality of parallel light
fluxes in the same direction, which means that the plu-
rality of mirrors 74 reflects the plurality of light fluxes in
parallel.
[0097] The lens 73 is used to condense the plurality of
parallel light fluxes onto a substantially one point on the
reflection-type diffuser 51.
[0098] As indicated in FIG. 10, the prism 71 is disposed
at a position between the image generator 35 and the
irradiation unit 36. As to the fourth embodiment, the irra-
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diation unit 36 is disposed at a given position so that the
light axis of the light that enters the irradiation unit 36 is
set perpendicular with respect to the central axis of the
tapered light tunnel 61. In this configuration, the prism
71 is used to reflect the light exiting from the image gen-
erator 35 to the irradiation unit 36. Since the fourth pattern
irradiation apparatus 70 includes the prism 71 disposed
at the position indicated in FIG. 10, the components of
the fourth pattern irradiation apparatus 70 can be dis-
posed in a smaller space. Further, the fourth pattern ir-
radiation apparatus 70 can employ, for example, a mirror
instead of the prism 71.
[0099] If the prism 71 is not disposed between the im-
age generator 35 and the irradiation unit 36, the length
from the tapered light tunnel 61 to the image generator
35 becomes longer, and the light loss becomes greater,
in which a lens unit can be used to condense the light
instead of the prism 71, but the number of parts increas-
es. Therefore, as to the fourth pattern irradiation appa-
ratus 70 of the fourth embodiment including the prism 71
is disposed between the image generator 35 and the ir-
radiation unit 36, with which the light acquiring efficiency
can be maintained at a higher level while the fourth pat-
tern irradiation apparatus 70 can be designed compact
in size.
[0100] FIG. 11 illustrates an example arrangement of
the first mirror unit 72 and the lens 73 of the fourth em-
bodiment. As to the fourth embodiment, the light source
unit 31 includes, for example, eight laser diodes 41 ar-
ranged with a matrix of 234, and eight collimator lenses
42 corresponded to each one of the laser diodes 41.
[0101] Further, as to the fourth embodiment, the first
mirror unit 72 includes, for example, four mirrors 74. Each
one of the four mirrors 74 extends into the y direction,
and each one of the four mirrors 74 is disposed for the
two laser diodes 41 and the two collimator lenses 42.
Each one of the mirrors 74 reflects two parallel light fluxes
exiting from the corresponding two collimator lenses 42.
[0102] Further, the first mirror unit 72 can include, for
example, eight mirrors 74. In this configuration, each one
of the mirrors 74 reflects a parallel light flux exiting from
each one of the collimator lenses 42.
[0103] FIG. 12A illustrates an example of a light path
when one single mirror 75 is disposed, and FIG. 12B
illustrates an example of alight path when the first mirror
unit 72 is disposed.
[0104] If the fourth pattern irradiation apparatus 70 in-
cludes the one single mirror 75 (see FIG. 12A) instead
of the first mirror unit 72, the one single mirror 75 is dis-
posed with an angle of 45 degrees with respect to the
plurality of parallel light fluxes emitted from the light
source unit 31. Therefore, the one single mirror 75 can
reflect the parallel light fluxes emitted from the light
source unit 31 along one direction into another direction,
which is changed for 90 degrees from the one direction.
[0105] When a light flux width of the plurality of parallel
light fluxes emitted from the light source unit 31 is referred
to the light flux width L1, and a light flux width of the

plurality of parallel light fluxes that enters to the lens 73
from the one single mirror 75 is referred to the light flux
width L2, the light flux width L1 and light flux width L2
becomes the same width.
[0106] By contrast, as indicated in FIG. 12B, each one
of the mirrors 74 in the first mirror unit 72 is disposed with
an angle of 45 degrees with respect to the plurality of
parallel light fluxes emitted from the light source unit 31.
Therefore, each one of the mirrors 74 can reflect the par-
allel light flux emitted from the light source unit 31 along
one direction into another direction, which is changed 90
degrees from the one direction.
[0107] The plurality of mirrors 74 reflects each one of
the plurality of parallel light fluxes emitted from the light
source unit 31 to the lens 73 while setting a smaller light
flux width for the plurality of parallel light fluxes emitted
from the light source unit 31 in the same direction. There-
fore, when a light flux width of the plurality of parallel light
fluxes that enters to the lens 73 from the plurality of mir-
rors 74 is referred to the light flux width L3, the light flux
width L3 becomes smaller than the light flux width L1.
[0108] With this configuration, the light flux width of the
light that enters the lens 73 is set smaller by the first
mirror unit 72 as indicated in FIG. 12B, and thereby the
fourth pattern irradiation apparatus 70 can employ the
lens 73 having a smaller size. Further, since the light flux
width of the light that enters the lens 73 is set smaller in
the fourth pattern irradiation apparatus 70, the incident
angle of the light that is condensed on the reflection-type
diffuser 51 can be set smaller, and thereby the diffusion
angle of light flux exiting from the tapered light tunnel 61
can be set smaller. With employing this configuration for
the fourth pattern irradiation apparatus 70, the numerical
aperture (NA) of the irradiation unit 36 can be set smaller,
and the light acquiring efficiency by the irradiation unit
36 can be enhanced.
[0109] As to the above described fourth pattern irradi-
ation apparatus 70 of the fourth embodiment, the prism
71 and the first mirror unit 72 are used to change the
direction of light with a given angle, with which the fourth
pattern irradiation apparatus 70 can be designed com-
pact in size, and further, the higher output light power
can be attained by setting the light flux width smaller.

(Fifth embodiment)

[0110] A description is given of a fifth pattern irradiation
apparatus 80 of a fifth embodiment with reference to FIG.
13. The fifth pattern irradiation apparatus 80 of the fifth
embodiment has some of the same and similar capabil-
ities and configuration of the fourth pattern irradiation ap-
paratus 70 of the fourth embodiment. Therefore, the
same and similar capabilities and configuration are as-
signed with the same references, and the same and sim-
ilar capabilities and configuration are not described in
detail while the differences are described.
[0111] FIG. 13 is a schematic cross-sectional view of
a configuration of the fifth pattern irradiation apparatus
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80 of the fifth embodiment. As to the fifth embodiment,
the light condenser 32b includes, for example, a second
mirror unit 81 and a cylindrical lens 82. As to the fifth
pattern irradiation apparatus 80, the light condenser 32b
includes the second mirror unit 81 and the cylindrical lens
82, which is different from the fourth embodiment.
[0112] The second mirror unit 81 reflects the plurality
of parallel light fluxes emitted from the light source unit
31 in the same direction to the reflection-type diffuser 51.
The second mirror unit 81 includes, for example, a plu-
rality of mirrors 83. Each one of the mirrors 83 reflects
the laser beam, emitted from each one of the laser diodes
41 and set as the parallel light flux by the collimator lens
42, to the reflection-type diffuser 51.
[0113] In this configuration, the plurality of mirrors 83
condenses the plurality of parallel light fluxes to a first
direction perpendicular to the light axis of the plurality of
light fluxes emitted from the light source unit 31 by dis-
posing the plurality of mirrors 83 with an angle with re-
spect to the light axis of the plurality of light fluxes emitted
from the light source unit 31. Hereinafter, the angle of
the plurality of mirrors 83 with respect to the light axis of
the plurality of light fluxes emitted from the light source
unit 31 is referred to as the reflection angle. As to the fifth
embodiment, the reflection angle of each one of the plu-
rality of mirrors 83 is set with a value so that the x-direction
component of the plurality of parallel light fluxes are irra-
diated onto a substantially one point on the reflection-
type diffuser 51. Therefore, as to the second mirror unit
81, the reflection angle of each one of the plurality of
mirrors 83 in the first direction is set with different values
to guide the plurality of parallel light fluxes are irradiated
onto the substantially one point on the reflection-type dif-
fuser 51.
[0114] The cylindrical lens 82 is disposed at a position
between the second mirror unit 81 and the reflection-type
diffuser 51. The cylindrical lens 82 condenses the plural-
ity of parallel light fluxes reflected by the second mirror
unit 81 to the reflection-type diffuser 51 into a second
direction perpendicular to the light axis of the plurality of
light fluxes emitted from the light source unit 31 and also
perpendicular to the first direction.
[0115] FIG. 14 illustrates an example arrangement of
the second mirror unit 81 and the cylindrical lens 82 of
the fifth embodiment. As to the fifth embodiment, the light
source unit 31 includes, for example, eight laser diodes
41 arranged with a matrix of 234, and eight collimator
lenses 42, and each one of the eight collimator lenses
42 are corresponded to each one of the eight laser diodes
41.
[0116] Further, as to the fifth embodiment, the second
mirror unit 81 includes, for example, four mirrors 83. Each
one of the four mirrors 83extends into the y direction, and
each one of the four mirrors 73 is disposed for the two
laser diodes 41 and the two collimator lenses 42. Each
one of the mirrors 83 reflects two parallel light fluxes ex-
iting from the corresponding two collimator lenses 42.
[0117] Further, the second mirror unit 81 can include,

for example, eight mirrors 83. In this configuration, each
one of the mirrors 83 reflects a parallel light flux exiting
from each one of collimator lenses 42.
[0118] The cylindrical lens 82 condenses the plurality
of parallel light fluxes reflected by the second mirror unit
81 to the reflection-type diffuser 51 into the second di-
rection perpendicular to the light axis of the plurality of
light fluxes emitted from the light source unit 31 and also
perpendicular to the first direction. As to the fifth embod-
iment, the cylindrical lens 82 condenses the y-direction
component of the plurality of parallel light fluxes to irra-
diate the plurality of parallel light fluxes onto a substan-
tially one point on the reflection-type diffuser 51.
[0119] As to the fifth pattern irradiation apparatus 80,
the light is condensed in the first direction (e.g., x direc-
tion) by setting the reflection angle of each one of the
mirrors 83 differently, in which the condensing effect of
the lens is not used. Therefore, as to the fifth pattern
irradiation apparatus 80, the light flux width of the light
that enters the cylindrical lens 82 becomes smaller, and
thereby the lens diameter of the cylindrical lens 82 can
be set smaller. Further, as to the fifth pattern irradiation
apparatus 80, since the lens diameter of the cylindrical
lens 82 can be set smaller, the curvature radius of the
cylindrical lens 82 can be set smaller while securing the
edge thickness that can be manufactured. Therefore, as
to the fifth pattern irradiation apparatus 80, the length
from the cylindrical lens 82 to the reflection-type diffuser
51 can be set shorter, with which the fifth pattern irradi-
ation apparatus 80 can be compact in size.
[0120] Further, instead of the cylindrical lens 82, the
fifth pattern irradiation apparatus 80 can include a toroidal
lens having one curvature radius in the first direction (e.g.,
x direction) and another curvature radius in the second
direction (e.g., y direction), which are different with each
other. In this configuration, the reflection angle of the sec-
ond mirror unit 81 is set with a value so that the first
direction component of the plurality of parallel light fluxes
are irradiated onto the substantially one point on the re-
flection-type diffuser 51 with a light condensing effect in
the first direction by the toroidal lens.

(Sixth embodiment)

[0121] A description is given of a sixth pattern irradia-
tion apparatus 90 of a sixth embodiment with reference
to FIG. 15. The sixth pattern irradiation apparatus 90 of
the sixth embodiment has some of the same and similar
capabilities and configuration of the fourth pattern irradi-
ation apparatus 70 of the fourth embodiment. Therefore,
the same and similar capabilities and configuration are
assigned with the same references, and the same and
similar capabilities and configuration are not described
in detail while the differences are described.
[0122] FIG. 15 is a schematic cross-sectional view of
a configuration of the sixth pattern irradiation apparatus
90 of the sixth embodiment. As to the sixth embodiment,
the light condenser 32c includes, for example, a third
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mirror unit 91. As to the sixth pattern irradiation apparatus
90, the light condenser 32c includes the third mirror unit
91, which is different from the fourth embodiment.
[0123] The third mirror unit 91 reflects the plurality of
parallel light fluxes emitted from the light source unit 31
in the same direction that is to the reflection-type diffuser
51. The third mirror unit 91 includes, for example, a plu-
rality of mirrors 93. Each one of the mirrors 93 reflects
the laser beam emitted from each one of the plurality of
laser diodes 41, and the laser beams are set as the par-
allel light fluxes by the collimator lens 42 and directed to
the reflection-type diffuser 51. Each one of the mirrors
93 reflects the laser beams emitted from the plurality of
laser diodes 41 and set as the parallel light fluxes by the
collimator lens 42 to the reflection-type diffuser 51.
[0124] In this configuration, the reflection angle of each
one of the plurality of mirrors 93 is set with a value to
condense the plurality of parallel light fluxes. As to the
sixth embodiment, the reflection angle of each one of the
plurality of mirrors 93 is set with a value so that the plu-
rality of parallel light fluxes are irradiated onto a substan-
tially one point on the reflection-type diffuser 51. There-
fore, as to the third mirror unit 91, the reflection angle of
each one of the plurality of mirrors 93 is set with different
values.
[0125] FIG. 16 illustrates an example arrangement of
the third mirror unit 91 of the sixth embodiment. As to the
sixth embodiment, the light source unit 31 includes, for
example, eight laser diodes 41 arranged with a matrix of
234, and eight collimator lenses 42 corresponded to
each one of the laser diodes 41.
[0126] Further, as to the sixth embodiment, the third
mirror unit 91 includes, for example, eight mirrors 93.
Each one of the eight mirrors 93 is disposed for each one
of the corresponding laser diodes 41 and corresponding
collimator lenses 42, in which each one of the mirrors 93
reflects one parallel light flux exiting from the correspond-
ing one collimator lens 42. Specifically, the reflection an-
gle of each one of the mirrors 93 is adjusted with a value
so that the reflected parallel light fluxes are condensed
onto the substantially one point on the reflection-type dif-
fuser 51.
[0127] As to the sixth pattern irradiation apparatus 90,
the third mirror unit 91 is used to condense the light fluxes
on the reflection-type diffuser 51. Therefore, the sixth pat-
tern irradiation apparatus 90 does not include a lens to
condense the light fluxes on the reflection-type diffuser
51, with which the sixth pattern irradiation apparatus 90
can be designed simpler. Further, if the lens is used to
condense the light fluxes, the length from the lens to the
reflection-type diffuser 51 has a limit in view of the lower
limit of focal length. By contrast, as to the sixth pattern
irradiation apparatus 90, the light fluxes can be con-
densed by adjusting the inclination of the mirrors 93 of
the third mirror unit 91, and thereby the limit of the length
associated to the lens is not relevant, and thereby the
sixth pattern irradiation apparatus 90 can be designed
compact in size.

(Seventh embodiment)

[0128] A description is given of a seventh pattern irra-
diation apparatus 110 of a seventh embodiment with ref-
erence to FIG. 17. The seventh pattern irradiation appa-
ratus 110 of the seventh embodiment has some of the
same and similar capabilities and configuration of the
first pattern irradiation apparatus 20 of the first embodi-
ment. Therefore, the same and similar capabilities and
configuration are assigned with the same references, and
the same and similar capabilities and configuration are
not described in detail while the differences are de-
scribed.
[0129] FIG. 17 is a schematic cross-sectional view of
a configuration of the seventh pattern irradiation appa-
ratus 110 of the seventh embodiment. The seventh pat-
tern irradiation apparatus 110 includes, for example, the
light source unit 31, the light condenser 32, a transmis-
sive phosphor member 111, the light tunnel 34, the sec-
ond transmission-type diffuser 33b, the image generator
35, and the irradiation unit 36. The seventh pattern irra-
diation apparatus 110 includes the transmissive phos-
phor member 111, which is different from the first em-
bodiment using the first transmission-type diffuser 33a.
[0130] The light condenser 32 is used to condense the
light emitted from light source unit 31 on the transmissive
phosphor member 111. As to the seventh embodiment,
the light condenser 32 is used to condense the plurality
of laser beams onto a substantially one point on the trans-
missive phosphor member 111.
[0131] The transmissive phosphor member 111, used
as the first diffuser, is a transmissive phosphor member
that emits fluorescence by using the light that enters the
transmissive phosphor member 111 as the excitation
light. When the plurality of laser beams condensed by
the light condenser 32 enters the transmissive phosphor
member 111, the transmissive phosphor member 111
emits the fluorescence by using the light that enters the
transmissive phosphor member 111 as the excitation
light. The emitted fluorescence exits from the transmis-
sive phosphor member 111 to the light tunnel 34 disposed
at a position opposite to the light condenser 32 with re-
spect to the transmissive phosphor member 111. The
transmissive phosphor member 111, used as the first
diffuser, is a transmission-type diffuser.
[0132] When the fluorescence emitted by the transmis-
sive phosphor member 111 enters the light tunnel 34,
the fluorescence light having the equalized luminance
distribution exits from the light tunnel 34. The exit angle
of the light exiting from the light tunnel 34 can be the
same as the exit angle of fluorescence emitted from the
transmissive phosphor member 111.
[0133] The transmissive phosphor member 111 in-
cludes, for example, a transmissive base such as a glass
plate, and a fluorescent substance disposed on the trans-
missive base. With employing this configuration for the
transmissive phosphor member 111, the fluorescence
can exit from one face of the transmissive phosphor
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member 111, which is the opposite to another face of the
transmissive phosphor member 111 where the excitation
light enters.
[0134] Further, the transmissive phosphor member
111 can be, for example, phosphor ceramics. The phos-
phor ceramics is a sintered body, which is formed by
shaping the fluorescent substance into any shape (e.g.,
thin plate) and heating the fluorescent substance. Fur-
ther, the transmissive phosphor member 111 is not lim-
ited to the above configuration. The transmissive phos-
phor member 111 can be formed into any configuration
that can emit the fluorescence by using the light emitted
from the light source unit 31 as the excitation light, and
emits the fluorescence from a face, which is the opposite
to the face where the excitation light enters.
[0135] As to the seventh embodiment, the light source
unit 31 emits a blue laser light, and the transmissive phos-
phor member 111 uses the blue laser light as the exci-
tation light to emit yellow light. The laser diode that emits
the blue laser light can emit the blue laser light with a
higher power and can be manufactured less expensively.
Therefore, by using the blue laser light emitted from the
light source unit 31, the seventh pattern irradiation ap-
paratus 110 can irradiate the higher output light power
onto the target object 11 with the less expensive config-
uration. Therefore, the seventh pattern irradiation appa-
ratus 110 can perform the range finding with the en-
hanced precision with the less expensive configuration
even if the target object 11 is a black colored object.
[0136] Further, the light emitted from the light source
unit 31 is not limited to the blue light, but other light having
other wavelength range (e.g., ultraviolet light, light other
than visible light) can be emitted from the light source
unit 31. Further, the fluorescence emitted by the trans-
missive phosphor member 111 is not limited to the yellow
light, but other light having other wavelength range (e.g.,
red light, green light, blue light, white light) can be emitted
as the fluorescence.
[0137] Further, the transmissive phosphor member
111 uses coherent light as the excitation light, and emits
incoherent light as the fluorescence. Therefore, the trans-
missive phosphor member 111 can emit light having the
equalized luminance distribution not having speckle
noise, which means the transmissive phosphor member
111 can be used to diffuse the light. With this configura-
tion, as to the seventh pattern irradiation apparatus 110
of the seventh embodiment, the image pattern having
removed the speckle noise can be irradiated onto the
target object 11.
[0138] Further, the transmissive phosphor member
111 is disposed at a position, for example, right before
the light tunnel 34 without disposing an optical relay sys-
tem. Typically, fluorescence emitted from the fluorescent
substance has the Lambert distribution, in which the
spread angle of light becomes greater, and the light may
be leaked outside the light tunnel 34 if the length between
the transmissive phosphor member 111 and the light tun-
nel 34 becomes longer. Therefore, the optical length be-

tween the transmissive phosphor member 111 and the
light tunnel 34 is set smaller. With employing this config-
uration for the seventh pattern irradiation apparatus 110,
the leak of fluorescence with respect the light tunnel 34
can be prevented. Therefore, the seventh pattern irradi-
ation apparatus 110 can enhance the light transmission
efficiency, and can increase the output light power.
[0139] Further, the light condenser 32 is used to con-
dense the plurality of laser beams emitted from the light
source unit 31 on the transmissive phosphor member
111. Therefore, even if the number of laser diodes 41 in
the light source unit 31 is increased, the light emitted from
the plurality of laser diodes 41 can be condensed onto
the transmissive phosphor member 111 having a smaller
size. Therefore, the seventh pattern irradiation apparatus
110 can increase the output light power while setting a
smaller size for the fluorescent substance to reduce the
cost.
[0140] As above described, as to the seventh pattern
irradiation apparatus 110 of the seventh embodiment,
the speckle noise can be removed from the image pat-
tern, and further the size and cost of the seventh pattern
irradiation apparatus 110 can be reduced.
[0141] Further, the seventh pattern irradiation appara-
tus 110 of the seventh embodiment can include the ta-
pered light tunnel 61 of FIG. 9 instead of the light tunnel
34. With this configuration, the seventh pattern irradiation
apparatus 110 of the seventh embodiment can attain the
same or similar effect of the third embodiment.
[0142] Further, the seventh pattern irradiation appara-
tus 110 of the seventh embodiment can include the prism
71 or the mirror of FIG. 10. Further, the seventh pattern
irradiation apparatus 110 of the seventh embodiment can
apply the optical configurations of the light condenser
32a indicated in FIGs. 11, 12A, and 12B. With employing
these configurations, the seventh pattern irradiation ap-
paratus 110 of the seventh embodiment can attain the
same or similar effect of the fourth embodiment.
[0143] Further, the seventh pattern irradiation appara-
tus 110 of the seventh embodiment can apply the optical
configurations indicated in FIGs. 13 and 14 instead of
the light condenser 32 of the seventh pattern irradiation
apparatus 110. With this configuration, the seventh pat-
tern irradiation apparatus 110 of the seventh embodiment
can attain the same or similar effect of the fifth embodi-
ment.
[0144] Further, the seventh pattern irradiation appara-
tus 110 of the seventh embodiment can apply the optical
configurations indicated in FIGs. 15 and 16 instead of
the light condenser 32 of the seventh pattern irradiation
apparatus 110. With this configuration, the seventh pat-
tern irradiation apparatus 110 of the seventh embodiment
can attain the same or similar effect of the sixth embod-
iment. As to the seventh embodiment, the seventh pat-
tern irradiation apparatus 110 includes the transmissive
phosphor member 111. Since the fluorescent substance
emits the light having the Lambert distribution, the spread
angle of the light that enters the light tunnel 34 becomes
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greater compared to the configuration using the laser
source as the light source and disposing the diffuser such
as the first transmission-type diffuser 33a at the entry
side face 45 of the light tunnel 34. However, as described
with reference to FIG. 3C, the spread angle of the light
at the exit side face 46 of the light tunnel 34 is smaller
than the incidence angle of the light at the entry side face
45 of the light tunnel 34. Therefore, as to the seventh
embodiment too, by disposing the second transmission-
type diffuser 33b at the +x direction side of the light tunnel
34, the damage of optical parts in the irradiation unit 36
can be prevented. This effect can be also attained for the
following embodiments using the fluorescent substance.

(Eighth embodiment)

[0145] A description is given of an eighth pattern irra-
diation apparatus 120 of an eighth embodiment with ref-
erence to FIG. 18. The eighth pattern irradiation appara-
tus 120 of the eighth embodiment has some of the same
and similar capabilities and configuration of the seventh
pattern irradiation apparatus 110 of the seventh embod-
iment. Therefore, the same and similar capabilities and
configuration are assigned with the same references, and
the same and similar capabilities and configuration are
not described in detail while the differences are de-
scribed.
[0146] FIG. 18 is a schematic cross-sectional view of
a configuration of the eighth pattern irradiation apparatus
120 of the eighth embodiment. The eighth pattern irradi-
ation apparatus 120 includes, for example, the light
source unit 31, the light condenser 32, a movable trans-
missive phosphor member 121, a first driver 122, the light
tunnel 34, the second transmission-type diffuser 33b, the
image generator 35, and the irradiation unit 36. The
eighth pattern irradiation apparatus 120 includes the
movable transmissive phosphor member 121 and the
first driver 122, which is different from the seventh em-
bodiment using the transmissive phosphor member 111.
The first driver 122 employs, for example, a motor.
[0147] The movable transmissive phosphor member
121, used as the first diffuser, is a transmissive phosphor
member that can change a portion to be irradiated by the
light when the plurality of laser beams condensed by the
light condenser 32 enters the movable transmissive
phosphor member 121. The movable transmissive phos-
phor member 121 emits fluorescence by using the light
that enters the movable transmissive phosphor member
121 as the excitation light. The fluorescence emitted by
the movable transmissive phosphor member 121 exits
to the light tunnel 34 disposed at an opposite position of
the light condenser 32 with respect to the movable trans-
missive phosphor member 121. The first driver 122 is
used to change the portion of the movable transmissive
phosphor member 121 to be irradiated by the light. The
movable transmissive phosphor member 121, used as
the first diffuser, is a transmission-type diffuser.
[0148] FIG. 19 illustrates an example arrangement of

the movable transmissive phosphor member 121 and the
first driver 122. The movable transmissive phosphor
member 121 includes, for example, a base 123 and a
fluorescent substance 124. The base 123 is, for example,
a thin circle translucent plate, and rotatable about the
center axis. The fluorescent substance 124 is disposed
at a peripheral portion of the base 123, in which the flu-
orescent substance 124 is disposed, for example, as a
ring pattern. When the plurality of laser beams con-
densed by the light condenser 32 enters a portion of the
fluorescent substance124, the fluorescent substance
124 emits fluorescence by using the light that enters the
fluorescent substance 124 as the excitation light.
[0149] The first driver 122 rotates the movable trans-
missive phosphor member 121 about the center axis of
the base 123. With this configuration, the first driver 122
can change the portion of the fluorescent substance124
(e.g., ring pattern) irradiated by the laser beam con-
densed by the light condenser 32.
[0150] As to the eighth pattern irradiation apparatus
120 of the eighth embodiment, the portion to be irradiated
by the light on the movable transmissive phosphor mem-
ber 121 can be changed by rotating the movable trans-
missive phosphor member 121 by using the first driver
122. With employing this configuration for the eighth pat-
tern irradiation apparatus 120 of the eighth embodiment,
the laser beam may not be irradiated at the same portion
the movable transmissive phosphor member 121 for a
long period of time, with which the damage of the movable
transmissive phosphor member 121 caused by irradiat-
ing the laser beam onto the same portion for the long
period of time can be prevented.
[0151] As to the movable transmissive phosphor mem-
ber 121, the fluorescent substance 124 such as the ring
pattern of fluorescent substance is disposed, but not lim-
ited thereto. For example, the fluorescent substance 124
of a long shape can be set on the movable transmissive
phosphor member 121, in which the position of the fluo-
rescent substance 124 of the long shape can be moved.
Further, the fluorescent substance124 of a polygonal
shape or the fluorescent substance 124 of an oval shape
can be set on the movable transmissive phosphor mem-
ber 121. Further, the movable transmissive phosphor
member 121 can be, for example, phosphor ceramics
instead of the configuration having the base 123 and the
fluorescent substance 124.

(Ninth embodiment)

[0152] A description is given of a ninth pattern irradia-
tion apparatus 130 of a ninth embodiment with reference
to FIG. 20. The ninth pattern irradiation apparatus 130
of the ninth embodiment has some of the same and sim-
ilar capabilities and configuration of the seventh pattern
irradiation apparatus 110 of the seventh embodiment.
Therefore, the same and similar capabilities and config-
uration are assigned with the same references, and the
same and similar capabilities and configuration are not

29 30 



EP 3 199 911 A1

17

5

10

15

20

25

30

35

40

45

50

55

described in detail while the differences are described.
[0153] FIG. 20 is a schematic cross-sectional view of
a configuration of the ninth pattern irradiation apparatus
130 of the ninth embodiment. The ninth pattern irradiation
apparatus 130 includes, for example, the light source unit
31, the light condenser 32, a reflective phosphor member
131, the light tunnel 34, the second transmission-type
diffuser 33b, the image generator 35, and the irradiation
unit 36. The ninth pattern irradiation apparatus 130 in-
cludes the reflective phosphor member 131, which is dif-
ferent from the seventh embodiment using the transmis-
sive phosphor member 111.
[0154] The light condenser 32 is used to condense the
light emitted from light source unit 31 on the reflective
phosphor member 131. As to the ninth embodiment, the
light condenser 32 is used to condense the plurality of
laser beams onto a substantially one point on the reflec-
tive phosphor member 131.
[0155] The reflective phosphor member 131, used as
the first diffuser, is a reflective phosphor member that
emits fluorescence by using the light that enters the re-
flective phosphor member 131 as the excitation light.
When the plurality of laser beams condensed by the light
condenser 32 enters the reflective phosphor member
131, the reflective phosphor member 131 emits the flu-
orescence by using the light that enters the reflective
phosphor member 131 as the excitation light. Then, the
emitted fluorescence exits from the reflective phosphor
member 131 to the light tunnel 34, in which the reflective
phosphor member 131 emits the fluorescence at a side
where the excitation light enters. The reflective phosphor
member 131 emits the fluorescence at the side where
the excitation light enters, which is different from the
transmissive phosphor member 111, but other capabili-
ties and effect of the reflective phosphor member 131
are same as the transmissive phosphor member 111.
The reflective phosphor member 131 is a reflection-type
diffuser.
[0156] When the fluorescence emitted by the reflective
phosphor member 131 enters the light tunnel 34, the flu-
orescence light having the equalized luminance distribu-
tion exits from the light tunnel 34. The exit angle of the
light exiting from the light tunnel 34 can be the same as
the exit angle of fluorescence emitted from the reflective
phosphor member 131.
[0157] The reflective phosphor member 131 includes,
for example, a reflective base, and a fluorescent sub-
stance disposed on the reflective base. The light emitted
from light source unit 31 enters a face of the reflective
phosphor member 131 disposed with the fluorescent
substance.
[0158] With this configuration, the reflective phosphor
member 131 can reflect the emitted fluorescence into a
direction of the light source unit 31.
[0159] The reflective base reflects the light having a
wavelength range of the laser beam, and the fluores-
cence light having a wavelength range emitted by the
fluorescent substance. A reflection material coating layer

such as dielectric multilayer or metal layer can be formed
on surface of the reflective base. With this configuration,
the reflectance of the reflective base can be increased.
[0160] Further, the reflective phosphor member 131
can be, for example, phosphor ceramics. In this config-
uration, the reflection material coating layer is formed on
a face of the reflective phosphor member 131 opposite
to the face of the reflective phosphor member 131 where
the light enters from the light source unit 31. With this
configuration, the reflective phosphor member 131 can
reflect the emitted fluorescence to the direction of the
light source unit 31. Further, the reflective phosphor
member 131 is not limited to the above configuration, but
the reflective phosphor member 131 can be formed into
any configuration that can emit the fluorescence by using
the light emitted from the light source unit 31 as the ex-
citation light, and emits the fluorescence from the face
where the excitation light enters
[0161] FIG. 21 is a side view of the reflective phosphor
member 131. The reflective phosphor member 131 emits
the fluorescence by using the laser beam that enters the
reflective phosphor member 131 as the excitation light.
As indicated in FIG. 21, the direction along the surface
of the fluorescent substance is set as 0 degree (or 360
degrees) and 180 degrees. In this configuration, the flu-
orescence is emitted to directions around the reflective
phosphor member 131 such as 360 degrees. For exam-
ple, the fluorescent substance is disposed with an angle
of 45 degrees with respect to the incident direction of the
laser beam. Therefore, the fluorescence emitted from the
face where the laser beam enters (i.e., range of 0 degree
to 180 degrees) is mostly guided to the light tunnel 34.
[0162] Further, the fluorescence emitted at a face of
the reflective phosphor member 131 (i.e., a range of 180
degrees to 360 degrees), which is opposite to the face
where the laser beam enters, is reflected by the reflective
base, and is mostly guided to the light tunnel 34.
[0163] Further, the excitation light (e.g., laser beam)
that enters the florescent substance but is not converted
to the fluorescence is also reflected by the reflective base,
and then irradiated to the fluorescent substance again,
and converted to the fluorescence, and then guided to
the light tunnel 34. Therefore, the reflective phosphor
member 131 can convert the laser beam to the fluores-
cence efficiently.
[0164] As above described, as to the ninth pattern ir-
radiation apparatus 130 of the ninth embodiment, the
speckle noise can be reduced or removed from the image
pattern, and further the size and cost of the ninth pattern
irradiation apparatus 130 can be reduced.
[0165] Further, as to the ninth pattern irradiation appa-
ratus 130 of the ninth embodiment, the higher output light
power can be attained. Further, similar to the second
embodiment, the ninth pattern irradiation apparatus 130
of the ninth embodiment can devise the light exit preven-
tion system of the laser beam when the reflective phos-
phor member 131 drops or is damaged with a simpler
configuration.
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[0166] Further, the ninth pattern irradiation apparatus
130 of the ninth embodiment can include the tapered light
tunnel 61 of FIG. 9 instead of the light tunnel 34. With
this configuration, the ninth pattern irradiation apparatus
130 of the ninth embodiment can have the same or similar
effect of the third embodiment.
[0167] Further, the ninth pattern irradiation apparatus
130 of the ninth embodiment can include the prism 71 or
the mirror of FIG. 10. Further, the ninth pattern irradiation
apparatus 130 of the ninth embodiment can use the con-
figurations of the light condenser 32a indicated in FIG.
11, 12A, and FIG. 12B. With employing these configura-
tions, the ninth pattern irradiation apparatus 130 of the
ninth embodiment can attain the same or similar effect
of the fourth embodiment.
[0168] If the light condenser 32 employs the configu-
ration of FIG. 12B, the incident angle of the light con-
densed on the reflective phosphor member 131 can be
set smaller. With this configuration, even if the length
between the lens 73 and the reflective phosphor member
131 is set shorter, the light exiting from the lens 73 is not
no kicked by the side face of the tapered light tunnel 61
or the reflective phosphor member 131, but can be guided
to the surface of the reflective phosphor member 131
effectively and efficiently. Therefore, if the light condens-
er 32 applies the configuration of FIG. 12B to the ninth
pattern irradiation apparatus 130, the length between the
lens 73 and the reflective phosphor member 131 can be
set shorter, and the ninth pattern irradiation apparatus
130 can be designed compact in size.
[0169] Further, when the ninth pattern irradiation ap-
paratus 130 is designed compact in size, the deviation
of the excitation light to the reflective phosphor member
131 caused by the tolerance to the irradiation point can
be reduced. Therefore, the ninth pattern irradiation ap-
paratus 130 can reduce the emission area size on the
reflective phosphor member 131. Therefore, as to the
ninth pattern irradiation apparatus 130, the fluorescence
can be guided to the tapered light tunnel 61effectively
and efficiently, and the higher output light power can be
attained.
[0170] Further, the ninth pattern irradiation apparatus
130 of the ninth embodiment can apply the optical con-
figurations indicated in FIGs. 13 and 14 instead of the
light condenser 32 of the ninth pattern irradiation appa-
ratus 130. With this configuration, the ninth pattern irra-
diation apparatus 130 of the ninth embodiment can attain
the same or similar effect of the fifth embodiment.
[0171] Further, the ninth pattern irradiation apparatus
130 of the ninth embodiment can apply the optical con-
figurations indicated in FIGs. 15 and 16 instead of the
light condenser 32 of the ninth pattern irradiation appa-
ratus 130. With this configuration, the ninth pattern irra-
diation apparatus 130 of the ninth embodiment can attain
the same or similar effect of the sixth embodiment.

(Tenth embodiment)

[0172] A description is given of a tenth pattern irradia-
tion apparatus 140 of a tenth embodiment with reference
to FIG. 22. The tenth pattern irradiation apparatus 140
of the tenth embodiment has some of the same and sim-
ilar capabilities and configuration of the ninth pattern ir-
radiation apparatus 130 of the ninth embodiment. There-
fore, the same and similar capabilities and configuration
are assigned with the same references, and the same
and similar capabilities and configuration are not de-
scribed in detail while the differences are described.
[0173] FIG. 22 is a schematic cross-sectional view of
a configuration of the tenth pattern irradiation apparatus
140 of the tenth embodiment. The tenth pattern irradia-
tion apparatus 140 includes, for example, the light source
unit 31, the light condenser 32, a movable reflective phos-
phor member 141, a second driver 142, the light tunnel
34, the second transmission-type diffuser 33b, the image
generator 35, and the irradiation unit 36. The tenth pattern
irradiation apparatus 140 includes the movable reflective
phosphor member 141 and the second driver 142, which
is different from the ninth embodiment using the reflective
phosphor member 131. The second driver 142 employs,
for example, a motor.
[0174] The movable reflective phosphor member 141,
used as the first diffuser, is a reflective phosphor member
that can change a portion to be irradiated by the light.
When the plurality of laser beams condensed by the light
condenser 32 enters the movable reflective phosphor
member 141, the movable reflective phosphor member
141 emits fluorescence by using the light that enters the
movable reflective phosphor member 141 as the excita-
tion light. The fluorescence emitted by the movable re-
flective phosphor member 141 exits to the light tunnel
34. The second driver 142 is used to change the portion
of the movable reflective phosphor member 141 to be
irradiated by the light. The movable reflective phosphor
member 141is a reflection-type diffuser.
[0175] The movable reflective phosphor member 141
can use the substantially same configuration of FIG. 19.
Specifically, the movable reflective phosphor member
141 includes, for example, the base 123, and the fluo-
rescent substance 124. In this configuration, the base
123 is made of material that reflects the light. For exam-
ple, a reflection material coating layer such as dielectric
multilayer or metal layer can be formed on the surface
of the base 123. The fluorescent substance 124 is dis-
posed at a peripheral portion of the base 123, in which
the fluorescent substance 124 is disposed with a ring
pattern. The light enters the movable reflective phosphor
member 141 from one face of the base 123 disposed
with the fluorescent substance 124.
[0176] As to the movable reflective phosphor member
141, the fluorescent substance 124 such as the ring pat-
tern of fluorescent substance is disposed, but not limited
thereto. For example, the fluorescent substance 124 of
a long shape can be set on the movable reflective phos-
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phor member 141, in which the position of the fluorescent
substance 124 of the long shape can be moved. Further,
the fluorescent substance124 of a polygonal shape or
the fluorescent substance124 of an oval shape can be
set on the movable reflective phosphor member 141. Fur-
ther, the movable reflective phosphor member 141 can
be, for example, phosphor ceramics instead of the con-
figuration having the base 123 and the fluorescent sub-
stance 124. In this configuration, the reflection material
coating layer is formed on a face of the movable reflective
phosphor member 141, which is opposite to the face of
the movable reflective phosphor member 141 where the
light enters (i.e., opposite to the light source unit 31 with
respect to the movable reflective phosphor member 141).
[0177] As to the tenth pattern irradiation apparatus 140
of the tenth embodiment, the portion to be irradiated by
the light on the movable reflective phosphor member 141
can be changed by rotating the movable reflective phos-
phor member 141 by using the second driver 122. With
employing this configuration for the tenth pattern irradi-
ation apparatus 140 of the tenth embodiment, the higher
output light power can be attained, and the laser beam
may not be irradiated at the same portion the movable
reflective phosphor member 141 for a long period of time,
with which the damage of the movable reflective phos-
phor member 141 caused by irradiating the laser beam
onto the same portion for the long period of time can be
prevented.

(Eleventh embodiment)

[0178] A description is given of an eleventh pattern ir-
radiation apparatus 150 of an eleventh embodiment with
reference to FIG. 23. The eleventh pattern irradiation ap-
paratus 150 of the eleventh embodiment has some of
the same and similar capabilities and configuration of the
fourth pattern irradiation apparatus 70 of the fourth em-
bodiment. Therefore, the same and similar capabilities
and configuration are assigned with the same references,
and the same and similar capabilities and configuration
are not described in detail while the differences are de-
scribed.
[0179] FIG. 23 is a schematic cross-sectional view of
a configuration of the eleventh pattern irradiation appa-
ratus 150 of the eleventh embodiment. The eleventh pat-
tern irradiation apparatus 150 includes, for example, the
light source unit 31, the light condenser 32a, a reflective
phosphor unit 151, the tapered light tunnel 61, the second
transmission-type diffuser 33b, the image generator 35,
the prism 71, and the irradiation unit 36. The eleventh
pattern irradiation apparatus 150 includes the reflective
phosphor unit 151, which is different from the fourth em-
bodiment using the reflection-type diffuser 51.
[0180] The reflective phosphor unit 151 is an optical
system including a reflective phosphor member that
emits fluorescence by using the light that enters the re-
flective phosphor unit 151 as the excitation light. When
the plurality of laser beams condensed by the light con-

denser 32a enters the reflective phosphor unit 151, the
reflective phosphor unit 151 emits the fluorescence by
using the light that enters the reflective phosphor unit 151
as the excitation light. Then, the fluorescence emitted by
the reflective phosphor unit 151 exits to the tapered light
tunnel 61. As to the reflective phosphor unit 151, the light
axis of the laser beam coming from the light condenser
32a to the reflective phosphor unit 151 and the light axis
of the fluorescence exiting to the tapered light tunnel 61
from the reflective phosphor unit 151 are set substantially
perpendicular with each other.
[0181] The reflective phosphor unit 151 includes, for
example, the movable reflective phosphor member 141,
the second driver 142, a concave lens 152, a dichroic
mirror 153, a first condensing lens 154, and a second
condensing lens 155.
[0182] The eleventh pattern irradiation apparatus 150
includes the movable reflective phosphor member 141
and the second driver 142 same as the tenth embodi-
ment. The movable reflective phosphor member 141 is
a reflective phosphor member that can change a portion
to be irradiated by the light. Further, the second driver
142 is used to change the portion of the movable reflec-
tive phosphor member 141 to be irradiated by the light.
As to the eleventh pattern irradiation apparatus 150, the
movable reflective phosphor member 141 emits the flu-
orescence along a direction that the excitation light en-
ters, in which the excitation light comes to the movable
reflective phosphor member 141 along the -z direction,
and the movable reflective phosphor member 141 emits
the fluorescence along the +z direction.
[0183] When the plurality of laser beams condensed
by the light condenser 32a enters the concave lens 152,
the plurality of laser beams is changed substantially par-
allel light fluxes by the concave lens 152, and exits from
the concave lens 152. The parallel light fluxes exiting
from the concave lens 152 enters the dichroic mirror 153.
[0184] The dichroic mirror 153 passes through the light
having a wavelength range of the laser beam emitted
from the light source unit 31, and reflects the light having
a wavelength range of the fluorescence emitted by the
movable reflective phosphor member 141. For example,
if the laser beam is blue light, and the fluorescence is
yellow light, the dichroic mirror 153 passes through the
light having the wavelength range of blue light, and re-
flects the light having the wavelength range of yellow
light.
[0185] When the substantially parallel light fluxes such
as the laser beams exit from the concave lens 152, the
substantially parallel light fluxes such as the laser beam
enter the dichroic mirror 153. Then, the substantially par-
allel light fluxes, exit from the concave lens 152, passes
through the dichroic mirror 153
[0186] After the substantially parallel light fluxes such
as the laser beams exit from the concave lens 152 and
passes through the dichroic mirror 153, the substantially
parallel light fluxes such as the laser beams enter the
first condensing lens 154. The first condensing lens 154
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is used to condense the laser beams on the movable
reflective phosphor member 141.
[0187] The movable reflective phosphor member 141
emits fluorescence by using the laser beams condensed
by the first condensing lens 154 as the excitation light.
The fluorescence emitted by the movable reflective phos-
phor member 141 returns to the same light path of the
incident light to the movable reflective phosphor member
141, passes through the first condensing lens 154, and
then enters the dichroic mirror 153.
[0188] The dichroic mirror 153 reflects the fluores-
cence emitted by the movable reflective phosphor mem-
ber 141 to the second condensing lens 155. The second
condensing lens 155 is used to condense the fluores-
cence coming from the dichroic mirror 153 to the entry
side face 64 of the tapered light tunnel 61. Then, the
fluorescence that passes through the tapered light tunnel
61 is irradiated on the projection face 30 via the image
generator 35, the prism 71 and the irradiation unit 36.
[0189] As to the eleventh pattern irradiation apparatus
150 of the eleventh embodiment, since the laser beam
enters the fluorescent substance 124 on the movable
reflective phosphor member 141 from a direction perpen-
dicular to the face of the movable reflective phosphor
member 141, a beam spot formed on the fluorescent
substance124 on the movable reflective phosphor mem-
ber 141 can be set smaller. Therefore, the first condens-
ing lens 154 can acquire the fluorescence having the
substantially Lambert distribution efficiently, and the
higher output light power can be attained.
[0190] Further, the eleventh pattern irradiation appa-
ratus 150 of the eleventh embodiment can include, for
example, the reflective phosphor member 131 used for
the ninth embodiment instead of the movable reflective
phosphor member 141.
[0191] As above described, the eleventh pattern irra-
diation apparatus 150 includes the concave lens 152 and
the first condensing lens 154 to set the light that enters
the dichroic mirror 153 as substantially parallel light flux-
es to enhance the light transmission efficiency. However,
the eleventh pattern irradiation apparatus 150 can be
configured without using the concave lens 152 and the
first condensing lens 154. For example, the light con-
denser 32a can be used to condense the laser beam on
the movable reflective phosphor member 141, in which
the dichroic mirror 153 is disposed at a position between
the light condenser 32a and the movable reflective phos-
phor member 141.
[0192] Further, the eleventh pattern irradiation appa-
ratus 150 of the eleventh embodiment can apply the op-
tical configurations indicated in FIGs. 13 and 14 instead
of the light condenser 32a of the eleventh pattern irradi-
ation apparatus 150. With this configuration, the eleventh
pattern irradiation apparatus 150 of the eleventh embod-
iment can attain the same or similar effect of the fifth
embodiment.
[0193] Further, the eleventh pattern irradiation appa-
ratus 150 of the eleventh embodiment can apply the op-

tical configurations indicated in FIGs. 15 and 16 instead
of the light condenser 32a of the eleventh pattern irradi-
ation apparatus 150. With this configuration, the eleventh
pattern irradiation apparatus 150 of the eleventh embod-
iment can attain the same or similar effect of the sixth
embodiment.
[0194] As to the above described embodiments, the
light having the equalized luminance density can be ir-
radiated on a projection face, and the luminance density
of the light irradiated to the irradiation unit can be re-
duced, with which damage to optical parts can be sup-
pressed, in particular prevented.
[0195] Numerous additional modifications and varia-
tions are possible in light of the above teachings. It is
therefore to be understood that within the scope of the
appended claims, the disclosure of the present disclo-
sure may be practiced otherwise than as specifically de-
scribed herein. For example, elements and/or features
of different examples and illustrative embodiments may
be combined each other and/or substituted for each other
within the scope of this disclosure and appended claims.

Claims

1. An irradiation apparatus (31, 32, 33, 34) comprising:

a light source unit (31) to emit light;
a light condenser (32, 32a, 32b, 32c), disposed
on a light path of the light emitted from the light
source unit (31), to condense the light emitted
from the light source unit (31);
a first diffuser (33a, 51, 111, 121, 131,141), dis-
posed on a light path of the light exiting from the
light condenser (32, 32a, 32b, 32c), to diffuse
the light condensed by the light condenser (32,
32a, 32b, 32c);
an optical equalizer (34, 61), disposed down-
stream of the first diffuser (33a, 51, 111, 121,
131,141), to equalize a luminance distribution
of the light entering the optical equalizer (34, 61)
from the first diffuser (33a, 51, 111, 121,
131,141) and to output the light having the
equalized luminance distribution; and
a second diffuser (33b), disposed downstream
of the optical equalizer (34, 61), to diffuse the
light exiting from the optical equalizer (34, 61).

2. The irradiation apparatus (31, 32, 33, 34) of claim 1,
wherein the first diffuser (111, 121, 131,141) is a
phosphor member (111, 121, 131, 141) including a
fluorescent substance (124) that emits fluorescence
when the light condensed by the light condenser (32,
32a, 32b, 32c) hits the fluorescent substance (124)
as an excitation light.

3. The irradiation apparatus (31, 32, 33, 34) of claim 1,
wherein the first diffuser (33a, 111, 121) is a trans-
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mission-type diffuser.

4. The irradiation apparatus (31, 32, 33, 34) of claim 1,
wherein the first diffuser (51, 131, 141) is a reflection-
type diffuser.

5. The irradiation apparatus (31, 32, 33, 34) of claim 4,
wherein the reflection-type diffuser (51) includes
a transmissive diffusion face (52) formed at one side
of the reflection-type diffuser (51) facing the light
source unit (31), and
a reflection face (53) formed at another side of the
reflection-type diffuser (51), opposite to the one side
of the reflection-type diffuser (51) facing the light
source unit (31).

6. The irradiation apparatus (31, 32, 33, 34) of claim 2,
further comprising a driver (122, 142) to rotate the
phosphor member (121, 131, 141) including the flu-
orescent substance (124) to change a portion of the
fluorescent substance (124) irradiated by the light
condensed by the light condenser (32, 32a, 32b,
32c).

7. The irradiation apparatus (31, 32, 33, 34) of any one
of claims 1 to 6, wherein the light source unit (31)
includes a plurality of light sources (41) that emit a
plurality of light fluxes in the same direction.

8. The irradiation apparatus (31, 32, 33, 34) of claim 7,
wherein each of the light sources (41) is a laser di-
ode.

9. The irradiation apparatus (31, 32, 33, 34) of claim 8,
wherein each of the light sources (41) is a blue laser
diode.

10. The irradiation apparatus (31, 32, 33, 34) of any one
of claims 1 to 9, wherein the optical equalizer (34,
61) is a light tunnel having an entry side face (45,
64), an exit side face (46, 65), an internal reflection
face (43, 62), and an internal space (44, 63) sur-
rounded by the internal reflection face (43, 62),
wherein the light enters the internal space (44, 63)
from the entry side face (45, 64), passes through the
internal space (44, 63) while reflecting on the internal
reflection face (43, 62), and exits from the exit side
face (46, 65).

11. The irradiation apparatus (31, 32, 33, 34) of claim
10, wherein the exit side face (65) of the light tunnel
(61) is greater in dimension than the entry side face
(64) of the light tunnel (61), and the internal reflection
face (62) is angled with respect to a central axis of
the optical equalizer (61).

12. The irradiation apparatus (31, 32, 33, 34) of claims
1 to 11, wherein the light condenser (32a, 32b, 32c)

includes
a mirror unit (72, 81, 91) including a plurality of mir-
rors, each disposed on the light path of the light emit-
ted from the light source unit (31), to reflect a plurality
of light fluxes emitted from the light source unit (31)
by the plurality of mirrors; and
a lens (73, 82), disposed on a light path of the light
reflected from the mirror unit (72, 81, 91), to con-
dense the plurality of light fluxes reflected by the mir-
ror unit (72, 81,91),
wherein the mirror unit (72, 81, 91) reflects the plu-
rality of light fluxes emitted from the light source unit
(31) to the lens (73, 82), while causing a light flux
width of the plurality of light fluxes reflected by the
mirror unit (72, 81, 91) be smaller than a light flux
width of the plurality of light fluxes emitted from the
light source unit (31).

13. A pattern irradiation apparatus (20, 50, 60, 70, 80,
90, 110, 120, 130, 140, 150) comprising:

the irradiation apparatus (31, 32, 33, 34) of any
one of claims 1 to 12;
an image generator (35), disposed on a light
path of the light exiting from the irradiation ap-
paratus (31, 32, 33, 34), to pass through the light
exiting from the irradiation apparatus (31, 32,
33, 34) by applying an given image pattern to
the light; and
an irradiation unit (36), disposed on a light path
of the light exiting from the image generator (35),
to irradiate the light having the given image pat-
tern that has passed through the image gener-
ator (35) to a target object.

14. A system (10) comprising:

the pattern irradiation apparatus (20, 50, 60, 70,
80, 90, 110, 120, 130, 140, 150) of claim 13; and
a three-dimensional measuring apparatus (21)
to measure a distance to the target object irra-
diated with the light by using the pattern irradi-
ation apparatus (20, 50, 60, 70, 80, 90, 110, 120,
130, 140, 150).

15. The system (10) of claim 14, further comprising:

a robot (13) to handle the target object;
a recognition apparatus (22) to recognize a po-
sition and a posture of the target object based
on the distance to the target object measured
by the three-dimensional measuring apparatus
(21); and
a robot controller (23) to control a handling op-
eration of the robot (13) based on information of
the position and the posture of the target object
recognized by the recognition apparatus (22).
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